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PREFACE 


This  document,  Volume  XXXIX  of  the  Quail f ication  Test  Report, 
Vibration  and  Mission  Simulation  Testing  on  Engine  828,  XF107-WR- 
400  Cruise  Missile  Engine,  is  one  of  several  reports  that  will  be 
submitted  under  CDRL  95,  Contract  N00019-78-C-0206 ,  describing  the 
results  of  the  Qualification  Tests.  Volumes  I  through  XV  will 
cover  the  Phase  I  engine  quail fication.  EMI/EMC  and  Nonoperating 
Shockloads,  both  for  the  F107-WR-400  engine,  will  be  covered  in 
Volumes  XVI  and  XVII.  Component  Qualification  Tests  will  be  discus¬ 
sed  in  Volumes  XVIII  through  XXVI.  Structural  Qualification  re¬ 
sults  will  be  presented  in  Volumes  XXVII  through  XXX.  Volumes  XXXI 
through  XL  will  present  results  of  the  Phase  II  engine 
qualification . 
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SECTION  1 
INTRODUCTION 


1 . 1  PURPOSE  OF  TEST 

Engine  828  was  tested  at  Bendix  Aerospace  Systems  Division  -  Ann 
Arbor,  Michigan,  as  Engine  828/build  4  and  at  the  Arnold  Engineer¬ 
ing  Development  Center  (AEDC),  Tullahoma,  Tennessee,  as  Engine 
828/build  6.  The  tests  were  performed  to  demonstrate  F107-WR-400 
engine  compliance  with  environmental  vibration  and  mission  simula¬ 
tion  requirements  as  specified  in  the  Prime  Item  Development  (PID) 
Specification  24235WR9501B  and  the  Qualification  Test  Plan  (QTP), 
CMEP  91-4043G,  Report  No.  78-145-8. 

1.2  DESCRIPTION  OF  TEST  ENGINE 

Engine  828/builds  4  and  6  was  an  XF107-WR-400  engine,  assembled  in 
accordance  with  Top  Assembly  Drawing  and  Parts  List  1029110-108. 

1.3  DISPOSITION  OF  TEST  ENGINE 

After  completion  of  the  planned  testing  at  AEDC,  Engine  828/build  6 
was  returned  to  WRC,  where  a  post- test  teardown  and  inspection  was 
performed.  The  engine  has  since  been  moved  into  bonded  storage  at 
WRC,  Walled  Lake. 

1 . 4  SUMMARY 

1.4.1  Prequalification  Testing  At  WRC 

Engine  828  did  not  exhibit  any  significant  operational  irregulari¬ 
ties  on  either  build  4  prior  to  shipment  to  Bendix  Aerospace  Sys¬ 
tems  or  on  build  6  before  reshipment  to  AEDC. 

As  shipped  to  Bendix  Aerospace  Systems  for  environmental  vibration 
testing,  conditionally  approved  discrepancies  against  the  engine 
included  the  incorporation  of  an  unapproved  ECR  dealing  with  the 
modified  No.  4  carbon  seal  shield,  the  incorrect  routing  of  the 
fuel  control  unit  temperature  sensor  lead,  the  use  of  an  unapproved 
sealant  and  an  unapproved  adhesive  internal  to  the  engine,  and  the 
installation  of  a  P/N  36240  fuel  control  unit  prior  to  Government 
approval . 

After  the  replacement  and  testing  at  WRC  of  hot  section  hardware 
damaged  during  the  initial  attempt  to  conduct  the  hot-day  mission 
simulation  test  at  AEDC,  the  engine  was  returned  to  AEDC  on  build  6 
with  conditionally  approved  discrepancies.  These  discrepancies 
included  sealants  and  adhesives  internal  to  the  engine,  the  use  of 
a  P/N  36240  fuel  control  unit,  and  the  use  of  a  P/N  34733  hot  gas 
tube  collar. 
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1.4.2  Qualification  Testing  At  Bendix  Aerospace 

Engine  828/build  4  was  vibration  tested  at  Bendix  Aerospace  Sys¬ 
tems  -  Ann  Arbor,  on  14  and  15  January  1980.  The  testing  consisted 
of  two  components,  30  minutes  of  random  frequency  vibrations  along 
each  of  the  principle  engine  axes,  and  sinusoidal  vibratory  sweeps 
for  30  minutes  at  constant  input  levels  along  the  lateral  and 
vertical  axes.  No  significant  hardware  irregularities  were  noted 
during  or  after  the  testing. 

1.4.3  Qualification  Testing  At  AEDC 

The  initial  attempt  to  conduct  the  mission  simulation  tests  on 
Engine  828/build  4  at  AEDC  was  curtailed  on  25  February  1980  when 
an  increase  in  measured  EGT  and  an  engine  speed  rematch  were  noted 
(reference  Report  DAL  8012). 

Mission  simulation  testing  at  AEDC  recommenced  on  2  April  1980,  the 
engine  having  been  returned,  after  repairs,  as  Engine  828/build  6. 
Only  one  incident  of  any  significance  occured  during  the  hot  and 
cold  day  mission  cycles,  that  being  the  failure  of  the  fuel  control 
unit  early  in  the  hot  day  cycle.  The  failed  unit  was  replaced,  the 
test  sequence  was  restarted  and  run  through  completion  as  scheduled 
on  16  April  1980. 

1.4.4  Post  Mission  Simulation  Testing  Teardown  Inspection 

Following  the  return  of  Engine  828  to  WRC,  a  thorough  teardown 
inspection,  conducted  on  23  and  24  April  1980,  revealed  no  compon¬ 
ent  failures  or  indications  of  impending  component  failures. 

1 . 5  RECOMMENDAT I ON 

It  is  recommended  that  the  testing  completed  with  Engine  828  be 
accepted  as  evidence  that  the  F107-WR-400  engine  meets  or  exceeds 
the  requirements  for  environmental  vibration  exposure  and  mission 
simulation  testing  as  set  forth  in  the  PID  Specification,  24235WR- 
9501A,  and  the  Qualification  Test  Plan,  CMEP  91-4043G,  Report  No. 
78-145-8. 
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SECTION  2 

PREQUALIFICATION  TESTING  AT  WRC 


2 . 1  SUMMARY 

Engine  828  required  four  builds  prior  to  shipment,  on  2  January 
1980,  to  Bendix  Aerospace  Systems  -  Ann  Arbor  to  commence  qualifi¬ 
cation  testing.  The  initial  "green  run"  of  the  engine  was  perform¬ 
ed  on  build  1.  Build  2  involved  a  penalty  run  to  evaluate  the 
combustor  temperature  profile  which  had  been  modified  following 
build  1.  The  combustor  was  replaced  on  build  3.  Build  4  involved 
the  final  testing  of  the  engine  prior  to  shipment. 

The  engine  was  returned  to  WRC  on  27  February  for  investigation 
into  the  cause  of  a  sharp  increase  in  measured  EGT  noted  during  the 
initial  attempt  to  conduct  the  hot  day  mission  simulation  test  at 
AEDC.  Several  engine  components  were  observed  to  have  sustained 
heat  damage.  The  fuel  slinger  and  the  combustor/first  nozzle 
assembly  were  replaced  and  the  engine  reassembled  to  prepare  for 
retesting  and  reshipment  to  AEDC.  Testing  on  build  5  included  an 
EGT  survey  on  the  new  combustor  and  disassembly  for  inspection  of 
the  new  parts.  The  final  run  prior  to  reshipment  was  performed  on 
build  6.  The  engine  was  reshipped  to  AEDC  on  25  March  1980  to 
recommence  the  mission  simulation  tests. 

2 . 2  PROCEDURES 

2.2.1  Test  Article  Description 

2. 2. 1.1  Physical  Configuration 

Engine  828  was  an  XF107-WR-400  engine  assembled  in  accordance  with 
Top  Assembly  Drawing  and  Parts  List  1029110-108. 

The  engine  was  delivered  on  build  4  with  discrepancies  as  noted  on 
Inspection  Rejection  Report  (IRR)  92153.  IRR  92153,  shown  in 
Figure  2-1,  notes  the  incorporation  of  an  unapproved  ECR  dealing 
with  the  modified  No.  4  carbon  seal  shield,  the  incorrect  routing 
of  the  fuel  control  unit  temperature  sensor  lead,  the  use  of  an 
unapproved  sealant  when  the  accessory  drive  bearings  were  installed 
and  an  unapproved  adhesive  when  the  No.  5  carbon  seal  was  installed 
and  the  installation  of  a  P/N  36240  fuel  control  unit  prior  to 
Government  approval.  These  discrepancies,  conditionally  approved 
by  letter  from  the  Administrative  Contracting  Officer  (Figure  2-2), 
were  applicable  to  the  engine  both  as  shipped  to  Bendix  Aerospace- 
Ann  Arbor  for  vibration  testing  and  as  shipped  to  AEDC  for  the 
initial  attempt  to  conduct  the  mission  simulation  tests. 
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The  engine  was  returned  to  AEDC  on  build  6  with  conditionally 
approved  discrepancies  which  included  the  sealant  and  adhesive 
used  during  the  installation  of  the  No.  5  carbon  seal  and  the 
accessory  drive  bearings,  the  use  of  a  P/N  36240  fuel  control 
unit,  and  the  use  of  a  P/N  34733  hot  gas  tube  collar.  These 
discrepancies  are  listed  in  IRR  94579  (Figure  2-3)  and  were  also 
conditionally  approved  by  letter  from  the  Administrative  Contract¬ 
ing  Officer  (Figure  2-4). 

2. 2. 1.2  Functional  Description 

Engine  828/build  6,  as  shipped  to  AEDC  for  mission  simulation 
testing,  had  the  following  functional  parts  measurements  and 
major  components  identification: 

.  2 

•  Tailpipe  Area:  31.85  in 

•  First  Nozzle:  S/N  WL-1014,  Ag££  =  3.155  in2,  Q  =  1.681 

•  Second  Nozzle:  S/N  WL-101,  Ag££  =  7.766  in2 

•  Third  Nozzle:  S/N  GDB-69,  A  ff  =  12.186 

•  Fuel  Control  Unit:  S/N  RF-1443446  (Later  replaced  at  AEDC 
by  fuel  control  unit  S/N  1443454). 

•  Oil  Pump:  S/N  HCB-294 

•  Gearbox:  S/N  B-42 

•  Ignition  Generator/Exciter:  S/N  BX00175 

Engine  weight,  as  shipped  to  Bendix  Aerospace  for  vibration 
testing  on  build  4,  was  142.5  lbf  with  a  fully  serviced  lubrication 
system  and  residual  fuel,  but  with  no  airframe  generator  installed. 
The  specification  weight  for  an  F107-WR-400  airframe  generator, 
as  installed  during  the  vibration  testing,  is  16.5  lbf. 

Engine  weight,  as  shipped  to  AEDC  on  build  6,  was  140.9  lbf  with 
a  fully  serviced  lubrication  system  and  residual  fuel  but  without 
an  airframe  generator  installed. 

The  apparent  discrepancy  in  engine  shipping  weights  is  largely 
due  to  the  fitting  of  both  an  expended  engine  starting  cartridge 
and  oxygen  bottle  for  the  vibration  testing  and  their  absence 
when  the  engine  was  shipped  to  AEDC. 

Engine  run  time  at  WRC  prior  to  shipment  as  Engine  828/build  4 
was  6.62  hours  with  21  starts.  Engine  run  time  at  WRC  on  builds 
5  and  6  was  4.65  hours  with  14  starts.  Accumulated  run  time  at 
WRC  and  AEDC,  prior  to  shipment  back  to  AEDC  to  re-attempt  the 
mission  simulation  testing,  was  19.16  hours  with  38  starts 
including  one  cartridge-initiated  start. 
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Engine  performance  instrumentation,  detailed  in  Run  Program  QT-21, 
included  three  HP  compressor  discharge  temperature  (CDT )  thermo¬ 
couples,  three  LP  turbine  discharge  temperature  thermocouples 
(electrically  coupled  to  produce  an  average  temperature  output), 
three  bypass  mixing  plane  temperature  thermocouples,  and  three 
additional  LP  turbine  discharge  temperature  thermocouples  providing 
individual  temperature  outputs .  Data  from  this  instrumentation  is 
used  to  compute  TIT.  Additionally,  IP  bleed  airflow  pressure  and 
temperature  measurement  instrumentation  was  installed  on  the 
engine . 

2.2.2  Test  Facility 

Engine  828  completed  the  final  runs  prior  to  shipment  on  both  build 
4  and  6  in  test  cell  B-4  at  WRC.  This  test  cell  is  described  in 
paragraph  3.3.3  and  Appendix  A  of  the  Acceptance  Test  Procedure 
for  YF107  Turbofan  Engines,  Revision  A,  CMEP  92-1022  (Report  No. 
78-183).  Run  Program  QT-21  is  presented  in  Appendix  B  of  this 
document . 

2.2.3  Test  Procedures 

The  tests  conducted  at  WRC  were  performed  in  accordance  with  the 
requirements  of  the  PID  Specification  (24235WR9501B) ,  the  QTP,  and 
Run  Program  QT-21. 

2.3  RECORD  OF  TESTING  AT  WRC 

Final  testing  at  WRC,  prior  to  shipment  to  the  qualification  test 
facilities,  was  performed  on  two  separate  occasions.  The  first 
final  test  sequence  was  performed  prior  to  the  inital  shipment  to 
Bendix  Aerospace  on  build  4.  The  second  final  test  sequence  occur¬ 
red  before  reshipment  to  AEDC  as  build  6. 

2.3.1  Record  of  Testing  on  Build  4  Prior  to  Shipment 

Engine  828/build  4  was  installed  in  Test  Cell  B-4  on  14  December 
1979  for  the  final  run  prior  to  shipment  to  Bendix  Aerospace  -  Ann 
Arbor.  Engine  monitoring  instrumentation  was  attached,  the  lubrica¬ 
tion  system  was  serviced  with  750  ml  of  MIL-L-23699  oil  (Exxon 
batch  219)  and  the  fuel  system  was  purged  with  RJ-4  fuel.  The 
engine  was  then  airmotored  to  verify  instrumentation  and  oil  pres¬ 
sure  response. 

The  engine  was  started  to  conduct  the  planned  five-minute  leak 
check  run  (1.2  seconds  to  light,  6.6  seconds  to  idle).  No  fluid 
leakage  was  noted  after  completion  of  the  run  and  300  ml  of  MIL-L- 
23699  oil  (Exxon  batch  219)  were  added  to  the  engine  oil  reservoir. 
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The  engine  was  started  to  perform  the  scheduled  six-point  power 
calibration  used  to  determine  the  maximum  governed  HP  spool  speed 
trim  point  (1.4  seconds  to  light,  6.4  seconds  to  idle).  After 
completion  of  the  calibration  run,  the  oil  was  drained,  weighed 
(923.7  grams  with  pan)  and  returned  to  the  engine.  The  fuel  con¬ 
trol  unit  trim  adjustment  motor  was  installed  at  that  time  in 
preparation  for  the  maximum  governed  HP  spool  speed  adjustment. 

The  engine  was  restarted  (1.5  seconds  to  light,  6.7  seconds  to 
idle)  and  accelerated  to  a  PLA  setting  of  +3.65  Vdc.  The  fuel 
control  unit  was  trimmed,  at  that  setting,  to  a  maximum  governed  HP 
spool  speed  of  63,000  rpm  with  a  calculated  TIT  of  1795°F.  After 
completion  of  the  speed  adjustment,  the  setting  device  was  removed. 

The  engine  was  then  started  (1.4  seconds  to  light,  6.4  seconds  to 
idle)  and  accelerated  to  the  maximum  PLA  setting  to  verify  the 
maximum  trimmed  HP  spool  speed  adjustment.  The  trimmed  HP  spool 
speed  was  acceptable  at  63,000  rpm. 

Without  any  further  interruption,  the  engine  was  subjected  to  the 
slow  transient  run,  the  performance  calibration  and  the  fast  trans¬ 
ient  run  as  specified  in  the  final  run  planning.  The  engine  was 
then  shut  down  and  the  oil  was  drained  and  weighed  (892.2  grams 
including  the  drain  pan).  Oil  consumption  was  calculated  to  have 
been  0.007  gal/hr. 

After  reservicing  of  the  oil  system  with  765.6  grams  of  new  MIL-L- 
23699  oil  (Exxon  batch  219),  the  engine  was  started  (1.3  seconds  to 
light,  6.3  seconds  to  idle)  and  a  30-minute  oil  consumption  run  was 
performed.  Post-engine  shutdown  oil  weight  was  748.5  grams  with 
oil  consumption  calculated  to  have  been  0.009  gal/hr. 

The  engine  was  reserviced  with  750  ml  of  new  MIL-L-23699  oil  and  a 
final  five-minute  leak  check  run  conducted.  A  post-run  inspection 
revealed  no  fluid  leakage .  The  engine  was  removed  from  the  test 
cell  on  14  December  1979  and  prepared  for  shipment  to  Bendix  Aero¬ 
space  to  conduct  qualification  vibration  testing. 

2.3.2  Record  of  Testing  on  Build  6  Prior  to  Shipment 

The  initial  attempt  to  conduct  the  hot  and  cold  day  mission  simula¬ 
tion  tests  at  AEDC  was  aborted  on  25  February  1980,  when  a  change 
in  engine  spool  speed  match,  coupled  with  an  increase  in  measured 
EGT,  was  noted.  A  subsequent  teardown  investigation  at  WRC  re¬ 
vealed  two  burned  first  nozzle  vanes. 

The  engine  was  reassembled  after  replacement  of  the  fuel  slinger 
and  the  combustor/first  nozzle  assembly.  Subsequent  to  a  perform¬ 
ance  calibration  and  teardown  to  evaluate  the  newly  installed 
combustor  on  build  5,  the  engine  was  assembled  on  build  6  to  con¬ 
duct  the  final  pre-qualification  acceptance  testing. 
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Engine  828/build  6  was  installed  in  test  cell  B-4  on  24  March  1980. 
Engine  monitoring  instrumentation  was  attached,  the  lubrication 
system  was  serviced  with  750  ml  of  MIL-L-23699  oil  (Exxon  batch 
219)  and  the  fuel  system  was  purged  with  RJ-4  fuel.  The  engine  was 
then  airmotored  to  verify  instrumentation  and  oil  pressure 
response . 

The  engine  was  initially  started  to  conduct  a  five-minute  leak 
check  run  (2.5  seconds  to  light,  7.6  seconds  to  idle)  at  idle 
speed.  Several  external  oil  leaks  were  noted  and  repairs  were 
attempted  after  shutdown.  The  engine  was  then  serviced  with  an 
additional  200  ml  of  MIL-L-23699  oil  (Exxon  batch  219). 

The  engine  was  restarted  (1.4  seconds  to  light,  7.2  seconds  to 

idle)  and  accelerated  to  an  HP  spool  speed  of  60,000  rpm  for  an 
additional  leak  check  run.  Some  additional  fluid  leakage  was 
observed  and  repairs  were  undertaken  again. 

The  engine  was  started  to  perform  the  scheduled  six-point  power 
calibration  used  to  determine  the  maximum  governed  HP  spool  speed 
trim  point  (1.4  seconds  to  light,  7.0  seconds  to  idle).  After 
completion  of  the  calibration  run,  the  oil  was  drained,  weighed 
(889.8  grams  with  pan)  and  returned  to  the  engine.  The  fuel  con¬ 
trol  unit  trim  adjustment  motor  was  installed  at  that  time  in 
preparation  for  the  maximum  governed  HP  spool  speed  adjustment. 

The  engine  was  restarted  (1.3  seconds  to  light,  7.0  seconds  to 

idle)  and  accelerated  to  a  PLA  setting  of  +3.65  Vdc.  The  fuel 
control  unit  was  trimmed,  at  that  setting,  to  a  maximum  governed  HP 
spool  speed  of  62,840  rpm.  Following  shutdown,  the  adjustment 
motor  was  removed. 

The  engine  was  restarted  to  check  the  adjusted  maximum  HP  spool 

speed  (1.5  seconds  to  light,  7.2  seconds  to  idle).  At  a  PLA  set¬ 

ting  of  +3.65  Vdc  the  maximum  trimmed  HP  spool  speed  was  noted  to 
be  acceptable  at  62,850  rpm.  The  engine  was  then  returned  to  idle 
and  shutdown. 

The  engine  was  restarted,  taking  1.3  seconds  to  light  and  6.8 
seconds  to  attain  idle.  The  slow  transient,  the  performance  cali¬ 
bration,  and  the  fast  transient  runs  were  completed  according  to 
the  final  run  planning,  after  which  the  engine  was  returned  to 
idle,  shutdown  and  the  oil  drained.  Oil  consumption  during  the 
engine  trimming  procedure  and  the  final  run  was  calculated  to  have 
been  0.013  gal/hr.  No  external  fluid  leakage  was  noted  after  shut 
down. 

The  engine  was  reserviced  with  new  MIL-L-23699  oil,  (Exxon  batch 
219,  725.3  grams  including  pan).  The  engine  was  then  restarted 

(1.4  seconds  to  light,  6.8  seconds  to  idle)  to  conduct  the  schedu- 
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led  30-minute  oil  consumption  run.  At  the  completion  of  this  test, 
the  oil  was  drained,  weighed  (685.9  grams  including  drain  pan)  and 
oil  consumption  was  calculated  to  have  been  0.021  gal/hr.  The 
engine  was  then  reserviced  with  750  ml  of  MIL-L-23699  oil  (Exxon 
batch  219 ) . 

Performance  levels  at  AEDC  often  exceed  those  observed  at  WRC. 
Therefore,  it  was  determined  that  it  would  be  advantageous  to  trim 
the  engine  to  a  point  that  would  yield  only  100  percent  of  the 
minimum  specification  thrust,  rather  than  a  value  slightly  in 
excess  of  the  specification  minimum,  as  has  been  the  habit  with  the 
Phase  II  Qualification  Test  engines.  This  limitation  was  initiated 
to  prevent  the  recurrence  of  exessive  TIT  values  during  the  hot  day 
mission  cycle  testing  at  AEDC. 

The  fuel  control  unit  trim  adjustment  motor  was  reinstalled  and  the 
engine  restarted  (1.6  seconds  to  light,  7.2  seconds  to  idle).  At  a 
PLA  setting  of  +3.65  Vdc,  the  fuel  control  unit  was  trimmed  to 
yield  an  HP  spool  speed  of  62,600  rpm  at  a  calculated  TIT  of 
1805° F.  The  engine  was  then  shut  down  and  the  trimming  motor  was 
removed. 


The  engine  was  restarted  (1.4  seconds  to  light,  7.4  seconds  to 
idle)  and  accelerated  to  a  PLA  setting  of  +3.65  Vdc  to  check  the 
trimmed  HP  spool  speed.  Maximum  HP  spool  speed,  as  trimmed,  was 
acceptable  at  62,610  rpm.  This  setting  produced  a  maximum  thrust 
value  equal  to  the  specification  value. 

After  shutdown  the  oil  reservoir  was  "topped  off"  with  100  ml  of 
new  MIL-L-23699  oil  (Exxon  batch  219).  The  engine  was  then  removed 
from  the  test  cell  and  prepared  for  shipment  to  AEDC  to  recommence 
the  scheduled  hot  and  cold  day  mission  simulation  testing. 

2.4  ANALYSIS  OF  ENGINE  PERFORMANCE  AS  SHIPPED  TO  AEDC  ON  BUILD  6 

Engine  performance  during  the  prequalification  acceptance  run  is 
summarized  and  compared  to  the  specification  limits  for  sea  level, 
static,  standard  day  conditions  in  Table  2-1.  Figures  2-5  through 
2-15  present  basic  engine  performance  data  obtained  during  the 
prequalification  testing  at  WRC  in  detailed  comparison  with  the 
specification  requirements.  Figure  2-16  presents  the  EGT  profile 
and  Figure  2-17  reproduces  the  correlation  curve,  used  in  computing 
TIT,  of  the  average  of  the  three  flight  EGT  thermocouples  and  the 
average  of  the  72-element  EGT  thermocouple  rake  during  the  prequali¬ 
fication  testing  at  WRC.  Figures  2-16  and  2-17  present  data  from 
build  5,  as  specialized  instrumentation  required  to  obtain  the  data 
presented  there  is  not  installed  for  the  prequalification  accept¬ 
ance  test.  In  absence  of  contrary  indications,  these  parameters 
are  assumed  to  have  the  same  values  for  build  6. 
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2.4.1  Oil  Consumption 

Oil  consumption,  measured  during  the  30-mmute  final  oil  consump¬ 
tion  run  at  WRC,  was  calculated  to  have  been  0.021  gal/hr.  The 
weight  of  the  oil  consumed  was  39.4  grams  at  a  density  of  0.989 
gm/ml . 

2.4.2  Performance  Assessment 

Engine  828/build  6,  as  fitted  with  a  31.85  in2  jet  nozzle,  was 
trimmed  at  WRC  to  an  HP  spool  speed  of  62,610  rpm  at  a  PLA  setting 
of  +3.65  Vdc.  Thrust,  as  trimmed,  was  measured  to  be  640  lbf  with 
a  calculated  maximum  turbine  inlet  temperature  (TIT)  of  1805°F  and 
an  EGT  of  1020°F  at  the  maximum  PLA  setting.  Specific  Fuel  consump¬ 
tion  was  3.36  percent  below  the  specification  maximum  value  at  the 
maximum  continuous  thrust  rating.  SFC  at  90  percent  and  75  percent 
maximum  continuous  thrust  ratings  was  below  the  specification 
maximum  limits  by  2.69  and  1.62  percent,  respectively.  Table  2-1 
demonstrates  that  all  critical  performance  parameters  remained 
within  limits. 

2.5  CONCLUSIONS 

Engine  828/build  4,  at  the  conclusion  of  the  final  testing  at  WRC, 
was  considered  acceptable  to  conduct  vibration  testing  at  Bendix 
Aerospace-Ann  Arbor  and  mission  simulation  testing  at  AEDC.  Follow¬ 
ing  the  replacement  of  hardware  damaged  during  the  initial  mission 
simulation  test  attempt,  the  engine  was  rerun  through  the  final 
testing  at  WRC  and  deemed  acceptable  to  recommence  the  hot  and  cold 
day  mission  simulation  tests. 
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TABLE  2-1.  ENGINE  828/BUILD  6,  PERFORMANCE  SUMMARY 


ENGINE  MODEL  XF107  -  WR-400 

DATA  CORRECTED  TO  SEA  LEVEL,  STATIC, 

STANDARD  DAY  CONDITIONS 

INDICATE 

IF 

DEVIANT 

I  . 

AT  TRIM  SPEED  OR  3.65  VDC  TO  FUEL 

CONTROL  ACTUATOR 

Thrust  Fn/6  (100%  FM  min  -  INDICATE  %  FM)1 

100.8 

HP  Speed  N2/V0  (63200  rpm  max) 

62610 

LP  Speed  Ni//5  (34755  rpm  max) 

33400 

EGT  EGT/6  (1130°F  max) 

1020°F 

TIT/0  ( 1925°F ) 

1805°F 

II . 

At  Fn/6  =  Fm 

EGT  EGT/6  ( 1130°F  max) 

1010°F 

SFC  SFC/0'b7  (100%  SFCM  max  -  INDICATE  %  SFCM) 

-3.36 

Airflow  WVO/6  (14.0  lbm/sec  max) 

13.50 

(13.19  lbm/sec  min) 
HP  Speed  N2//0  (63200  rpm  max) 

LP  Speed  Hx/Jo  (34755  rpm  max) 

62400 

33200 

(31445  rpm  min) 

Ill  . 

At  Fn/6  =  90%  Fm 

EGT  EGT/6  (1060°F  max) 

985°F 

SFC  SFC/6 ' b '  (97.4%  SFCM  max  -  INDICATE  %  SFCM) 

-2.69 

Airflow  WV0/6  (13.39  lbm/sec  max) 

12.95 

^(12.61  lbm/sec  min) 
HP  Speed  N2/-/0  (62883  rpm  max) 

61300 

(60417  rpm  min) 

LP  Speed  Hi/Jd  (33180  rpm  max) 

31800 

(30020  rpm  min) 

IV. 

At  Fn/6  =  75%  Fm 

EGT  EGT/0  ( 960° F  max) 

940°F 

SFC  SFC/9 ’ b '  (94.1  %  SFCM  max  -  INDICATE  %  SFCM 

-1.62 

Airflow  WV6/6  (12.46  lbm/sec  max) 

12.00 

(11.74  lbm/sec  min) 
HP  Speed  N2//0  (60894  rpm  max) 

59500 

(58530  rpm  min) 

LP  Speed  (31080  rpm  max) 

29800 

(28120  rpm  min) 

1  FM  is  minimum  thrust  at  the  maximum  continuous  rating  at  sea  level 
static  as  specified  in  Table  1  of  PIO  Spec  24235WR9501A  SCN  010  dated 

17  October  1978. 

2  SFCM  is  maximum  SFC  at  condition  1. 
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DCRO-CTCA/VR  (J.  Boedeckar/Fxt  352/lmf) 


19  Pec  1979 


SUBJECT!  Shipping  Authorization,  Engine  S/N  828,  Contract  N00019-78-C-0206 


Mr.  Dave  Cooper 
CMEP  Contract  Administration 
Will lama  Research  Corporation 
2260  W.  Maple  Road 
Walled  Lake,  MI  48088 


Dear  Mr.  Cooper: 

You  are  hereby  authorized  to  ship  subject  engine  via  air  chiprrent  on  a 
DD  Form  1149  to  AEPC,  Tullchomn,  Tennessee. 

It  is  noted  that  this  engine  deviates  from  specification  and  QT  Tent  Plan 
requirement#  aa  documented  on  IRR  92153.  TMa  authorization  is  granted 
notwithstanding  the  deviant  condition  to  provide  for  further  testing  of 
this  engine. 

This  letter  should  not  be  construed  as  waiving  an>  specification  of  QT 
requirements  or  any  other  Government  rights  established  by  the  contract. 
The  only  purpose  of  thle  letter  is  to  acknowledge  the  above  cited  de¬ 
viations  and  to  provido  shipping  authorization.  Tills  authorization  is 
granted  for  the  sole  convenience  of  the  contractor. 


Tliia  letter  may  be  used  to  cloce  the 
tcmal  requr laments. 


shove 


reference 


JOHN  A. 


your 


ln- 


Aikiini st relive  Contracting  Officer 
DOAS-WPd  Renldcncy 


cc:  DCRO-CTQF/WR  (C.C.  Davis,  Jr.) 
JCM-285  (Major  Rice) 

ASP/YZ107  (Col.  Goetc) 

WPC  (L.  Scheen) 


Figure  2-2.  Administrative  Contracting  Office  (ACO)  Letter 

Permitting  Shipment  of  Engine  828/Build  4  to  Bendix 
Aerospace  and  AEDC 
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DCRO-CTWC  (J.  Bocdecke./Ext  1352/imf)  25  Mar  198U 

SUBJECT:  Shipping  Authorization,  Engine  S/N  823,  Contract  N00019-78-C-0206 


Mr.  Dave  Cooper 
CME?  Contract  Administrator 
Williams  Research  Corporation 
2280  U.  Maple  Road 
Vailed  Lake,  MI  48088 


Dear  Mr.  Cooper: 

You  are  hereby  authorized  to  ahip  subject  engine  via  iir  shipment  on  n 
Db  Form  1149  to  AF.DC,  Tullnhon:n,  Tcnnaaace, 

It  la  noted  that  this  engine  deviates  Iron  specification  and  QT  Test  Finn 
requirements  as  documented  on  IKR  94579.  This  authorization  Is  granted 
notwithstanding  the  deviant  condition  to  provide  r<~r  further  testing  of 
this  engine. 

Hits  letter  should  not  be  construed  ns  waivin'?  any  specification  of  QT 
requirements  or  any  other  Government  rights  established  by  the  contractor. 
The  only  purpose  of  this  letter  Is  to  acknowledge  Lhe  above  cited 
deviations  and  to  provide  shipping  authorization.  This  authorization  is 
granted  for  the  sole  convenience  of  the  contractor. 

This  letter  nay  be  used  to  close  the  abova  referenced  IRA  per  your 
Internal  requirements. 


Sincerely . 


JOHN  A.  AITT. IN 

Administrative  Contracting  Officer 
DC\S  -VitC  Residency 


cc:  DCRO-GTWO  (C.C.  DAVIS ,  jr.) 

JCM-285  (,'tnjor  i.lc?) 

Af,b/YZ107  (Col.  rocL..) 

V'TiC  (L.  Schccn) 

DCHO-uTWP  (P.  Jan Ik) 

Figure  2-4.  Administrative  Contracting  Office  (ACO)  Letter  Permitt¬ 
ing  Shipment  of  Engine  828/Build  6  to  AEDC 
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Figure  2-6.  Engine  828/Build  6,  Corrected  Specific  Fuel  Consumption  (SFC) 
versus  Corrected  Thrust 
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Figure  2-7.  Engine  828/Build  6,  Corrected  Thrust  versus  Corrected  HP  Speed 
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Figure  2-12.  Engine  828/Build  6,  Corrected  Exhaust  Gas  Temperature  (EGT) 
versus  Corrected  HP  Speed 
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Figure  2-13.  Engine  828/Build  6,  Corrected  Fuel  Flow  versus  Corrected  HP 
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Figure  2-14.  Engine  828/Build  6,  Corrected  Turbine  Inlet  Temperature  (TIT) 
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gure  2-15.  Engine  828/Build  6,  Corrected  Turbine  Inlet  Temperature  (TIT) 
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Figure  2-17.  Engine  828/Build  5,  Exhaust  Gas  Temperature  (EGT) 
Correlation  Curve,  72  Thermocouple  Rake  versus  3 
Flight  Thermocouples 
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SECTION  3 

QUALIFICATION  TEST  FACILITY  RESULTS 


3 . 1  SUMMARY 

Engine  828/build  4  arrived  at  Bendix  Aerospace  Systems  Division, 
Ann  Arbor,  Michigan,  on  14  January,  1980,  and  testing  was  under¬ 
taken  that  day.  The  testing  consisted  of  two  components,  30  min¬ 
utes  of  random  vibrations  along  each  of  the  principal  engine  axes 
and  sinusoidal  vibratory  sweeps  at  constant  input  levels  to  identi¬ 
fy  resonant  frequencies  along  the  lateral  and  vertical  engine  axes, 
with  the  engine  being  excited  for  thirty  minutes  at  each  of  the 
frequencies  identified.  No  abnormalities  occurred  during  this 
phase  of  the  qualification  testing. 

Engine  828/build  4  arrived  at  AEDC  on  21  January,  1980.  Installa¬ 
tion  into  Test  Cell  T-5  was  completed  on  19  February,  the  delay 
being  caused  by  the  completion  of  qualification  testing  with  Engine 
402.  Testing  was  undertaken  on  20  February.  All  required  check 
runs  and  engine  calibrations  were  completed  without  incident. 

Shortly  after  undertaking  the  hot  day  mission  simulation  test, 
erratic  EGT  indications,  coupled  with  a  brief  engine  calibration, 
led  to  termination  of  the  testing.  The  engine  was  returned  to  WRC, 
disassembled,  and  damaged  engine  hardware  replaced  (Ref.  Report  DAL 
8012). 

With  no  repetition  of  the  engine  vibration  testing,  the  engine,  now 
designated  Engine  828/build  6,  was  returned  to  AEDC.  The  calibra¬ 
tion  and  check  runs  were  repeated. 

Early  in  the  second  attempt  to  conduct  the  hot  day  mission  simula¬ 
tion  test,  the  fuel  control  unit  ceased  to  respond  to  changes  in 
PLA  command  voltage.  A  replacement  fuel  control  unit  was  located, 
exposed  to  the  engine  vibration  testing  regimen,  and  installed  on 
the  engine.  All  testing  scheduled  at  AEDC  was  completed  on  16 
April,  1980,  and  the  engine  returned  to  WRC. 

A  post-testing  teardown  and  dimensional  inspection  revealed  no 
hardware  failures  or  signs  of  impending  hardware  failures  which 
could  have  jeopardized  successful  mission  completion. 

3 . 2  PROCEDURES 


3-1 


Ill  William*  Raaaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


3.2.1  Test  Article  Description 

Engine  828/build  4  was  vibration  tested  at  Bendix  Aerospace-Ann 
Arbor  in  its  as-shipped  configuration.  Initially,  the  engine  was 
installed  into  Test  Cell  T-5  at  AEDC  in  that  same  configuration. 
Following  the  abortion  of  the  first  attempt  to  conduct  the  mission 
simulation  testing,  and  a  subsequent  rebuild  at  WRC  (ref.  paragraph 
2.3.2.),  the  engine  was  reinstalled  into  Test  Cell  T-5  at  AEDC  in 
its  as-shipped  condition.  During  that  second  phase  of  engine 
testing,  the  only  hardware  change,  other  than  those  authorized  in 
paragraph  3. 2. 4. 8  of  the  Qualification  Test  Plan  (CMEP  91-4043G), 
was  the  replacement  of  the  failed  fuel  control. 

3.2.2  Test  Facilities 

Engine  828/build  4  and  the  replacement  fuel  control  unit  for  build 
6  were  vibration  tested  at  Bendix  Aerospace-Ann  Arbor,  Michigan. 
Details  on  the  Bendix  facility  are  included  in  Appendix  F  of  the 
Qualification  Test  Plan.  Photographs  of  a  typical  F107  engine 
installation  at  the  Bendix  facility  are  displayed  in  Figures  3-36 
through  3-38. 

Engine  828/builds  4  and  6  were  tested  at  AEDC,  Tullahoma,  Tennesee, 
in  Test  Cell  T-5.  A  detailed  description  of  the  test  facility  at 
AEDC  is  contained  in  Appendix  D  of  the  Qualification  Test  Plan.  A 
typical  F107  engine  installation  in  Test  Cell  T-5  at  AEDC  is  shown 
in  Figures  3-39  through  3-41. 

3.2.3  Test  Procedures 

The  vibration  and  mission  simulation  tests,  as  well  as  associated 
check  runs,  instrumentation  runs,  and  calibrations  runs,  were 
performed  in  compliance  with  the  Qualification  Test  Plan  and  Run 
Program  QT21.  Run  program  QT21  and  its  addenda  are  presented  in 
Appendix  B  of  this  text. 

3.3  RECORD  OF  TEST 

3.3.1  Record  of  Vibration  Testing  at  Bendix  Aerospace-Ann  Arbor 

Engine  828/build  4  was  initially  shipped  to  Bendix  Aerospace-Ann 
Arbor  on  4  January,  1980,  to  conduct  vibration  testing  for  the 
F107-WR-400  engine  in  accordance  with  the  PID  Specification  and  the 
QTP .  The  testing  proceeded  without  major  incidents  and  was  complet¬ 
ed  on  7  January  1980.  After  the  engine  had  been  returned  to  WRC, 
it  was  discovered  that  no  airframe  generator  had  been  mounted  on 
the  engine  during  the  vibration  testing.  This  omission  required  a 
repetition  of  the  vibration  testing. 
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Engine  828  was  received  at  Bendix  Aerospace-Ann  Arbor  for  the 
second  test  series  on  14  January  1980  and  began  testing  on  the 
same  day.  All  scheduled  testing  was  completed  at  ambient 
temperatures . 

A  discrepancy  exists  between  the  axis  labelling  conventions  used 
by  Bendix  Aerospace  Systems  and  WRC.  The  Bendix  convention 
labels  the  longitudinal  axis  "X"  with  positive  direction  extending 
out  through  the  engine  inlet,  the  lateral  axis  "Y"  with  positive 
direction  extending  out  to  engine  starboard  (when  viewed  from  aft 
looking  forward),  and  the  vertical  axis  "Z"  with  positive  direction 
down.  The  WRC  convention  for  the  Convair  engine,  is  dictated  by 
triaxial  accelerometer  mounting  position,  with  labelling  of  the 
longitudinal  axis  "X",  the  lateral  axis  "Z"  and  the  vertical  axis 
"Y" ,  having  positive  sense  in  the  same  direction  as  the  Bendix 
convention,  except  that  the  positive  vertical  direction  is  up. 
This  discrepancy  results  in  different  labelling  of  vibration  data 
obtained  at  Bendix  Aerospace  and  at  AEDC . 

Initially,  a  sinusoidal  vibration  sweep  was  performed  on  the 
engine  lateral  (Z)  axis  to  identify  resonant  frequencies.  These 
frequencies  were  identified  to  be  77  Hz,  90  Hz  and  100  Hz.  The 
lateral  axis  was  subjected  to  a  vibration  input  at  a  level  of 

2g's  for  a  30-minute  period  at  each  of  the  above  frequencies. 
This  was  followed  by  a  one-half  hour  random  frequency  excitation 
on  the  same  axis  in  compliance  with  the  F107-WR-400  spectrum. 

The  engine  orientation  relative  to  the  test  apparatus  was  changed 
to  allow  vibration  inputs  on  the  longitudinal  (X)  axis  of  the 
engine.  The  engine  was  then  subjected  to  a  random  frequency 

vibration  input  on  the  longitudinal  axis  for  30  minutes  in  com¬ 
pliance  with  the  F107-WR-400  spectrum. 

Engine  orientation  on  the  shake  fixture  was  repositioned  in  order 
to  align  the  vibration  axis  along  the  vertical  (Y)  axis.  A  sinu¬ 
soidal  sweep  was  then  performed  to  identify  the  resonant  frequen¬ 
cies.  These  frequencies  were  identified  to  be  13  Hz,  80  Hz  and 

100  Hz.  The  vertical  axis  was  then  subjected  to  a  sinusoidal 
vibration  at  a  level  of  2g's  for  a  30-minute  period  at  each  of 
the  resonant  frequencies.  The  vibration  test  series  was  completed 
with  a  30-minute  random  frequency  vibration  excitation  on  the 
vertical  axis  in  compliance  with  the  F107-WR-400  spectrum. 

A  presentation  of  the  PSD  curves  obtained  at  Bendix  Aerospace 
during  the  testing  of  this  engine,  as  well  as  a  chronicle  of 
significant  test  events,  is  contained  in  Appendix  D  of  this  text. 
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The  engine  was  returned  to  WRC  on  16  February  1980  preparatory  to 
shipment  to  AEDC  for  mission  simulation  testing. 

3.3.2  Record  of  Testing  at  AEDC 

Note:  The  initial  attempt  to  conduct  the  hot  and  cold  day 

mission  simulation  tests  at  AEDC  was  aborted  on  25 
February  1980  when  both  an  increase  in  EGT  and  a  marked 
change  in  engine  spool  speed  match  were  noted.  A 

subsequent  teardown  investigation  at  WRC  revealed  two 
burned  first  nozzle  vanes.  The  engine  was  reassembled 
with  a  new  fuel  slinger  and  combustor/first  nozzle 

assembly.  The  engine  was  then  rerun  through  the  ac¬ 
ceptance  test  procedure  (ATP)  and  reshipped  to  AEDC. 
No  repetition  of  the  environmental  vibration  testing 
was  considered  necessary. 

3. 3. 2.1  Pre-Mission  Simulation  Testing 

Engine  828  was  received  at  AEDC,  Tullahoma,  Tennessee,  on  25 
March  1980,  and  directly  installed  in  Test  Cell  T-5.  Some  facility 

problems  occurred,  but  were  resolved  in  order  to  permit  engine 

testing  to  begin  on  1  April  1980.  A  sea  level  static,  standard 
day  check  run  revealed  minor  instrumentation  problems  which  were 
easily  resolved.  During  that  check  run,  one  flight  EGT  thermo¬ 
couple  indicated  a  step  increase  to  1074°  F,  but  no  other  ir¬ 
regularities  were  reported.  A  pre-qualification  testing  sea 
level,  Mach  0.70  calibration  run  with  bleed  airflow  and  generator 
power  extraction  was  conducted,  followed  by  engine  operation  at 
sea  level,  Mach  0.65  to  complete  the  4  hours,  55  minutes  of 
engine  operation  required  prior  to  the  final  pre-mission  simulation 
test  check  run  (Ref.  paragraph  2.7.3  of  CMEP  91-4043G).  Data 
collected  during  the  calibration  run  indicated  thrust  4.1  percent 
above  and  SFC  4.7  percent  below  the  specification  requirements 
with  an  average  EGT  of  1030°F  at  maximum  continuous  thrust.  Oil 
consumption  during  this  running  was  computed  to  be  0.011  gal/hr. 
The  final  pre-mission  simulation  test  check  run  was  conducted  on 
2  April.  A  post-run  inspection  revealed  no  fluid  leakage.  A 
starter  cartridge  was  then  installed  and  the  engine  prepared  for 
the  initiation  of  the  hot-day  mission  simulation  test. 

3. 3. 2. 2  Mission  Simulation  Testing 

Figure  3-42  displays  the  Phase  II  QT  hot  and  cold  day  mission 
simulation  test  format.  Scheduled  changes  in  flight  conditions 
are  related  to  Table  3- IV  by  circled  numbers.  Time  histories  of 
the  terrain-following  cycles  used  in  these  tests  are  presented  in 
Figures  3-43  through  3-47. 
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Test  Cell  T-5  at  AEDC  is  set  up  to  control  the  engine  throttle 
command  voltage,  simulated  altitude  and  Mach  number,  and  facility 
data  acquisition  system  by  means  of  several  computers  which  are 
synchronized  at  the  start  of  the  test.  One  of  the  computer 
outputs  is  a  CRT  display  comparing  the  specification  inlet  temp¬ 
erature,  in  10-minute  segments,  with  the  current  actual  inlet 
temperature.  This  display  is  used  to  control  the  inlet  temperature 
manually  during  the  test. 

Time  histories  of  actual  test  cell  pressure,  inlet  pressure  and 
inlet  temperature  are  shown  in  Figures  3-48  through  3-50  for  the 
hot  day  mission  simulation  and  in  Figures  3-52  through  3-54  for 
the  cold  day  mission  simulation.  These  figures  also  include  the 
specification  pressures  and  temperatures  for  comparison  with  the 
recorded  data.  As  can  be  seen,  the  computers  functioned  with  a 
high  degree  of  accuracy  in  controlling  the  two  pressures  re¬ 
presenting  altitude  and  Mach  number  during  both  the  hot  and  cold 
day  mission  cycles.  The  control  of  inlet  temperature  was  generally 
good  during  both  tests,  except  as  noted  in  paragraph  3. 3. 2. 2. 3, 
with  some  variation  due  to  the  thermal  inertia  of  the  facility 
plumbing,  which  did  not  allow  rapid  changes  in  temperature  at  the 
engine  inlet.  Although  temperature  variations  do  affect  engine 
performance,  it  was  not  felt  that  the  differences  which  were 
experienced  affected  the  validity  of  the  engine  durability 
demonstration . 

The  computers  controlling  the  mission  simulation  cycles  did  not 
have  sufficient  storage  capacity  for  an  entire  five-hour  test 
cycle.  Therefore,  the  program  was  broken  into  five  segments. 
After  completion  of  each  segment,  the  engine  was  manually  returned 
to  idle  speed  while  the  new  program  segment  was  entered  into  the 
computer.  The  engine  was  not  shut  down  during  these  hold  periods. 

Time  histories  of  the  supply  fuel  temperature  are  shown  in  Figure 
3-51  for  the  hot  day  mission  simulation  test  and  in  Figure  3-55 
for  the  cold  day  mission  simulation  test.  The  specification 
nominal  fuel  supply  temperature  is  shown  for  reference.  The  fuel 
temperature  was  controlled  by  a  semi-automatic  system  which 
required  constant  monitoring  and  operator  adjustment. 

3. 3. 2. 2.1  Hot  Day  Mission  Simulation  Test.  The  hot  day  mission 
simulation  test  was  undertaken  on  2  April  1980.  The  cartridge 
start  was  hot  (1230°F  EGT  momentarily),  but  successful.  Data  for 
both  this  cartridge  start  and  the  start  conducted  at  the  outset 
of  the  cold  day  mission  simulation  test  are  presented  in  Paragraph 
3. 4. 3. 7  of  this  report. 

Shortly  after  the  computer  had  assumed  control  of  the  engine 
throttle,  the  PLA  display  became  unsteady,  with  no  attendant 
fluctuations  in  either  fuel  flow  or  rotor  speeds.  As  the  test 
continued,  one  of  the  individually-reporting  EGT  thermocouples 
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rose  to  a  steady  1226°F.  Finally  (1:02:14  into  the  mission),  the 
fuel  control  unit  ceased  responding  to  any  variations  in  command 
voltage.  It  was  decided,  in  concurrence  with  the  customer  rep¬ 
resentative,  to  abort  the  test.  Using  a  manually-controlled 
facility  fuel  system  valve,  the  engine  was  shutdown,  but  windmilled 
to  avoid  component  damage  due  to  heat  buildup  and  soakback. 
Post-shutdown  electrical  tests  revealed  internal  fuel  control 
unit  resistance  and  current  draw  well  in  excess  of  the  component 
specification.  It  was  elected  to  remove  the  fuel  control  unit 
and  replace  it  with  a  different  unit. 

The  replacement  fuel  control  unit  was  subjected  to  the  Tomahawk 
environmental  vibration  test  at  Bendix  Aerospace  Systems-Ann 
Arbor  on  8-9  April  1980  (Ref.  Appendix  D,  Section  IV).  The 
removed  fuel  control  unit  was  shipped  to  the  Woodward  Governor 
Company  for  analysis  (Ref.  Appendix  F)  where  the  cause  of  the 
failure  was  traced  to  a  faulty  fuel  control  unit  subcomponent. 
The  replacement  fuel  control  unit  was  shipped  to  AEDC  and  installed 
on  Engine  828.  Preparations  for  an  engine  calibration  and  trim 
check  were  then  made. 

The  replacement  fuel  control  unit  was  trimmed,  using  both  mechani¬ 
cal  and  manual  techniques,  to  a  maximum  governed  HP  spool  speed 
of  62,459  rpm  and  an  engine  performance  calibration  conducted. 
That  calibration  indicated  that  SFC  at  maximum  continuous  thrust 
had  improved  0.1  percent,  but  SFC  at  the  cruise  rating  point  had 
increased  by  1.3  percent.  Maximum  thrust  had  decreased  by  2.6 
percent.  All  of  these  parameters,  however,  still  easily  satisfied 
the  specification  requirements. 

Following  an  oil  and  oil  filter  change  and  the  installation  of 
igniter  plugs  subjected  to  the  Tomahawk  environmental  vibration 
test  along  with  the  replacement  fuel  control  unit,  the  hot  day 
mission  simulation  test  was  restarted,  with  a  compressed  air 
start.  The  hot  day  test  was  then  concluded,  with  the  most  sig¬ 
nificant  item  of  note  (derived  by  post- test  data  analysis)  being 
a  disagreement  between  the  manually-computed  average  of  three  EGT 
thermocouples  and  the  electrically-averaged  output  of  three 
others.  The  disagreement  was  about  50°F  throughout  the  entire 
test  cycle.  Computed  oil  consumption  for  the  entire  hot  day 
mission  simulation  test  was  0.015  gal/hr. 

3. 3. 2. 2. 2  Recertification.  After  completion  of  the  hot  day  mis¬ 
sion  simulation  test,  the  No.  1  bearing,  both  igniters,  and  the 
engine  oil  and  oil  filter  element  were  replaced.  The  engine  oil 
sump  was  drained  and  refilled  with  new  MIL-L-23699  oil. 

A  recertification  calibration  run  was  performed  at  sea  level, 
Mach  0.7,  standard  day  conditions  to  verify  engine  function  after 
the  hardware  changes.  No  meaningful  changes  in  engine  performance, 
in  comparison  to  the  engine  calibration  prior  to  the  hot  day 
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mission  simulation  test,  were  observed.  During  the  recertification 
run,  the  individual  EGT  thermocouple  T6-2  behaved  erratically,  as 
it  had  on  earlier  ocassions,  but  no  contrary  engine  health  para¬ 
meters  were  observed. 

3. 3. 2. 2. 3  Cold  Day  Mission  Simulation  Test.  The  cold  day  mission 
simulation  test  was  conducted  on  15  April  1980.  The  test  was 
initiated  with  a  successful  cartridge  start  and  was  conducted 
with  very  few  occurrences  of  note.  Some  items  of  interest,  which 
apparently  had  little  bearing  upon  the  successful  conclusion  of 
the  test,  included  continued  disagreement  (derived  by  post-test 
data  analysis)  between  the  average  of  the  individually-reporting 
EGT  thermocouples  and  the  three  electrically-averaged  EGT  thermo¬ 
couple  outputs  (about  40°F),  depletion  of  the  facility  liquid  air 
supply  which  led  to  a  loss  of  inlet  temperature  control,  repeated 
freezing  of  water  collected  in  the  facility  fuel  filter  (causing 
several  interruptions  of  the  test  cycle  for  thawing)  and  reports 
of  "sparks"  from  the  engine  tailpipe  for  which  no  origin  could  be 
pinpointed.  At  the  conclusion  of  the  test,  oil  consumption  was 
computed  to  be  0.007  gal/hr.  Some  deposits  were  found  on  the 
magnetic  drain  plug.  (This  item  is  discussed  in  paragraph  3.5.2., 
Teardown  Inspection  Results.) 

3. 3. 2. 3  Post-Mission  Simulation  Testing 

Prior  to  the  post-mission  simulation  calibration  run,  the  engine 
igniters,  oil  and  oil  filter  element  were  changed.  Some  debris 
was  found  in  the  filter  element.  A  three-point  engine  calibration 
at  sea  level,  Mach  0.7,  standard  day  conditions  was  conducted, 
with  some  "sparking"  from  the  tail  pipe  reported  shortly  after 
the  engine  was  started.  Data  analysis  indicated  that,  compared 
to  the  "pre-test"  calibration  with  the  replacement  fuel  control 
unit,  SFC  had  improved  slightly  at  both  maximum  continuous  and 
cruise  power  levels  and  thrust  had  deteriorated  only  0.7  percent 
and  was  still  in  excess  of  the  specification  requirement.  Oil 
consumption  for  the  calibration  run  was  computed  to  be  0.041 
gal/hr  with  some  additional  debris  found  on  the  magnetic  drain 
plug. 

Total  engine  running  time  for  build  6  at  AEDC  was  17.0  hours  with 
13  starts,  two  of  them  cartridge-initiated.  The  engine  was  re¬ 
turned  to  WRC  on  22  April  1980. 

3.4  PERFORMANCE  ANALYSIS 

3.4.1  Summary 

Engine  828/build  6  was  scheduled  to  complete  both  hot  and  cold 
day  mission  simulation  cycles  with  inlet  airflow  distortion 
screen  GDI  in  place. 
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The  original  start  for  the  hot  day  mission  cycle  was  a  successful 
cartridge-initiated  type  with  a  start  time  of  6.25  seconds  (spec¬ 
ification  requirement  is  6.7  seconds). 

The  hot  day  mission  cycle  was  terminated  at  a  point  1.04  hours 
into  the  test  when  the  fuel  control  unit  ceased  to  respond  to 
input  voltage  commands .  The  fuel  control  unit  was  replaced  with 
a  unit  which  was  first  run  through  the  F107-WR-400  engine  environ¬ 
mental  vibration  cycle  at  Bendix  Aerospace.  A  repeat  performance 
calibration  was  conducted  at  sea  level,  Mach  0.70,  standard  day 
conditions  after  which  the  engine  was  trimmed  to  yield  101.5 
percent  of  specification  maximum  continuous  thrust.  As  trimmed, 
HP  spool  speed  was  150  rpm  lower  than  the  initial  setting  at  WRC. 
The  hot  day  mission  cycle  was  reinitiated  with  a  compressed  air 
start  and  completed  without  further  incident.  Engine  operating 
temperatures  remained  within  limits  throughout  the  test  cycle  and 
maximum  continuous  thrust  was  measured  to  be  101.7  percent  of  the 
specification  requirement  immediately  prior  to  completion  of  the 
cycle. 

The  cold  day  mission  cycle  was  initiated  with  a  successful  car¬ 
tridge  start  at  1500  feet,  Mach  0.5  with  an  inlet  temperature  of 
-9°F .  The  temperature  of  the  air  surrounding  the  engine  was 
estimated  to  be  approximately  -9°F  at  the  time  of  the  start. 
Engine  start  time  was  9.3  seconds  as  compared  to  the  specification 
requirement  of  11.0  seconds. 

Engine  performance  throughout  the  cold  day  mission  cycle  was 
satisfactory  with  steady-state  data  indicating  an  SFC  8.5  percent 
below  the  specification  requirement.  Facility  problems  with  the 
liquid  air  supply  allowed  the  engine  inlet  air  temperature  to 
rise  up  to  a  value  of  15° F,  3.86  hours  into  the  cold  day  cycle. 
At  the  stabilized  inlet  temperature  maintained  during  the  last 
1.14  hours  of  the  cycle  (+15°F),  maximum  continuous  rating  thrust 
was  measured  to  be  101.7  percent  of  the  specification  requirement 
with  the  fuel  control  unit  delivering  a  maximum  of  509  lbm/hr. 
Had  the  inlet  temperature  been  maintained  at  the  required  level, 
the  engine  would  have  only  developed  98.5  percent  of  specification 
thrust,  since  thrust  output  would  have  been  restricted  by  the  low 
setting  of  the  fuel  control  unit  maximum  fuel  delivery  stop.  The 
engine  would  have  required  a  fuel  delivery  rate  of  517  lbm/hr  at 
a  fuel  temperature  of  -30°F  in  order  to  attain  100  percent  of  the 
specification  required  thrust.  Considering  the  test  conditions 
run,  the  fuel  delivery  rate  from  the  fuel  control  unit  should 
have  been  at  least  524  lbm/hr.  Refer  to  Section  3. 4. 3. 4  for 
further  discussion  with  respect  to  fuel  control  unit  operating 
characteristics . 

The  sea  level,  Mach  0.70,  standard  day  performance  of  the  engine 
was  above  specification  with  a  cruise  rating  SFC  2.4  percent 
below  the  requirement.  The  post-mission  cycle  calibration,  when 
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compared  to  the  pre-mission  calibration,  demonstrated  an  additional 
0.2  percent  improvement  in  SFC.  By  the  same  comparison,  maximum 
continuous  rating  thrust  was  down  0.7  percent  when  observed 
during  the  post-mission  cycle  calibration. 

The  engine  air  bleed  system  delivery  exceeded  both  flow  rate  and 
pressure  requirements  by  10.0  percent  during  the  mission  simulation 
tests . 

3.4.2  Test  Results 

Engine  828  completed  all  of  the  scheduled  testing  in  accordance 
with  the  requirements  as  listed  in  Run  Program  QT-21  (ref.  Appendix 
B  of  this  document).  An  overall  performance  summary  is  shown  as 
Table  3-1  wherein  thrust  and  SFC  are  presented  relative  to  the 
PID  Specification  Engine  (Rev.  C)  and  operating  temperatures  and 
speeds  are  indicated  for  the  maximum  continuous  rating  PLA  setting 
of  +3 . 65  Vdc . 

Performance  results  from  the  WRC  prequalification  tests  and  the 
AEDC  trim  check  calibration  (sea  level,  static,  standard  day 
condition)  are  shown  in  Figures  3-1  through  3-5.  A  direct  com¬ 
parison  of  the  sea  level,  static  data  from  both  test  facilities 
is  presented  in  Table  3-II.  The  data  shown  for  operation  at  the 
maximum  PLA  setting  of  +3.65  Vdc  represents  performance  with  the 
original  fuel  control  as  trimmed  at  WRC. 

Figures  3-6  through  3-10  demonstrate  the  performance  recorded  for 
the  sea  level,  Mach  0.70,  standard  day  calibrations  with  IP  bleed 
airflow  and  a  five-horsepower  generator  load.  The  data  presented 
include  that  which  was  recorded  during  the  initial  performance 
calibration  at  AEDC,  the  recalibration  after  replacement  of  the 
fuel  control  unit  (refer  to  paragraph  3.4.1),  the  recertification 
performance  calibration  and  the  post-mission  simulation  performance 
calibration.  Table  3-1 I I  includes  data  extracted  from  these  six 
performance  curves  so  as  to  present  a  detailed  comparison  with 
the  F107-WR-400  specification  rating  points  at  Mach  0.7. 

Figure  3-11  presents  the  hot  day  mission  simulation  profile  which 
includes  a  cartridge  start  at  Mach  0.5.  Performance  data  recorded 
during  the  mission  cycle  are  presented  in  Figures  3-12  through 
3-18.  These  are  steady-state  data  recorded  during  fixed  throttle 
segments.  Data  are  shown  for  both  the  initial  attempt  to  conduct 
the  hot-day  cycle  and  the  second,  more  successful,  conduction  of 
the  hot  day  cycle  with  a  new  fuel  control  unit  installed. 

The  cold  day  mission  profile  is  presented  in  Figure  3-19.  Perform¬ 
ance  data  for  the  cold  day  mission  cycle  are  shown  in  Figures  3- 
20  through  3-26.  Figures  3-54  and  3-55  show  the  desired  and 
actual  inlet  air  and  fuel  supply  temperatures.  The  increase  in 
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these  temperatures  at  the  end  of  the  mission  cycle  reflects  the 
test  facility  problems  in  supplying  liquid  air,  which  caused 
engine  inlet  air  temperature  to  drift  above  the  specification 
value  required  for  the  test. 

HP  governed  speed  is  graphically  presented  as  a  function  of  inlet 
temperature  in  Figure  3-27.  The  effects  of  fuel  supply  temperature 
on  the  maximum  fuel  delivery  rate  are  shown  in  Figure  3-28. 

Engine  IP  air  bleed  system  performance  is  presented  in  Figures  3- 
29  and  3-30 . 

A  comparison  of  the  engine  start  performance  with  the  specification 
requirements  is  shown  in  Figure  3-31.  The  start  times  were  taken 
from  the  hot  and  cold  day  cartridge-start  time  histories,  shown 
in  Figures  3-32  through  3-35. 

3.4.3  Data  Analysis 

3. 4. 3.1  Sea  Level,  Static 

Engine  performance  for  sea  level,  static  conditions  at  AEDC  was 
better  than  that  observed  at  WRC  in  terms  of  both  thrust  and  SFC. 
Figure  3-1  shows  SFC  to  be  2.3  percent  lower  at  AEDC.  As  received 
from  WRC,  with  the  initial  fuel  control  unit  installed,  HP  spool 
speed  measured  at  AEDC  was  310  rpm  lower  at  the  maximum  continuous 
power  lever  command  voltage.  Even  with  the  governed  HP  spool 
speed  down,  thrust  was  measured  to  be  4.3  percent  better  than  at 
WRC  for  a  given  speed  (Figure  3-2).  This  increased  thrust  is  the 
result  of  a  450-rpm  increase  in  LP  spool  speed  (Figure  3-3). 
This  increase  has  previously  been  noted  with  other  engines  tested 
at  NAPC  and  AEDC  with  little  attendant  change  in  TIT  or  EGT. 
Such  is  the  case  of  this  engine  (Figure  3-4). 

3. 4. 3. 2  Sea  Level,  Mach  0.70,  Standard  Day 

Data  for  this  flight  condition  is  presented  in  Figures  3-6  through 
3-10.  A  detailed  comparison  with  the  performance  calculated  for 
the  F107-WR-400  specification  engine  (Table  3-III)  shows  an 
excellent  result,  with  cruise  rating  SFC  3.7  percent  below  the 
specification  maximum  value.  The  engine  performance  observed  for 
this  engine  at  Mach  0.70  is  probably  the  best  seen  in  the  qual¬ 
ification  test  series. 

The  reason  for  the  outstanding  performance  characteristics  observed 
cannot  be  identified  due  to  the  limited  instrumentation  installed 
on  the  engine.  The  engine  speed  match  (Figure  3-8)  was  up  670 
rpm  in  comparison  to  that  calculated  for  the  specification  engine. 
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Airflow  (Figure  3-6  and  Table  3  —  1 1 1 )  was  2.3  percent  above  the 
specification  requirement  but  was  within  the  3.0  percent  tolerance 
band  allowed.  The  engine  had  an  "open"  (+2.0  percent)  first  tur¬ 
bine  nozzle  which  would  tend  to  drop  the  bypass  ratio  in  comparison 
to  the  specification  engine. 

3. 4. 3. 3  Hot  Day  Mission  Simulation 

The  hot  day  mission  simulation  data  are  presented  in  Figures  3-12 
through  3-18.  Data  are  compared  to  the  specification  requirements, 
running  with  bleed  airflow,  a  5.0-horsepower  generator  load,  and 
inlet  airflow  distortion  screen  GD-1  installed.  The  engine  was 
cycled  over  the  mission  profile  shown  in  Figure  3-11. 

Engine  performance  was  within  limits  throughout  the  test.  Data 
are  presented  for  testing  with  the  original  fuel  control  unit  and 
with  the  replacement  fuel  control  unit  installed.  The  initial 
endurance  cycle  was  terminated  after  1.04  hours  of  run  time  when 
the  fuel  control  unit  ceased  to  respond  to  command  voltage  changes. 
A  replacement  fuel  control  unit  was  fitted  to  the  engine  and  a 
trim  check  performed  at  the  Mach  0.70,  standard  day  condition. 
Trimmed  HP  spool  speed  was  observed  to  be  150  rpm  lower  than  had 
been  recorded  with  the  original  fuel  control  unit;  however, 
thrust  was  measured  to  still  be  4.7  percent  above  the  specification 
requirement  at  the  maximum  continuous  PLA  setting.  This  150  rpm 
change  in  trimmed  HP  spool  speed  can  also  be  seen  in  Figure  3-14. 
TIT  at  the  maximum  continuous  rating  (Figure  3-16)  shows  only 
minor  variations  throughout  the  hot  day  mission  cycle.  The 
highest  calculated  TIT  recorded  was  1820°F  at  a  point  88  minutes 
into  the  mission. 

3. 4. 3. 4  Cold  Day  Mission  Simulation 

The  cold  day  mission  cycle  was  conducted  according  to  the  mission 
profile  shown  in  Figure  3-19.  The  engine  performance  history  is 
presented  in  Figures  3-20  through  3-26.  Measured  thrust  (Figure 
3-20)  was  in  excess  of  the  specification  maximum.  Table  3-1 
shows  a  cold  day  SFC  9.0  percent  below  the  value  projected  for 
the  specification  engine. 

The  cold  day  mission  cycle  was  completed  successfully,  the  only 
irregularity  being  a  facility  failure  to  maintain  inlet  tempera¬ 
tures  and  fuel  temperatures  toward  the  end  of  the  cycle.  Figure 
3-54  demonstrates  that  the  facility  was  not  able  to  maintain  the 
required  inlet  temperature  during  the  high  speed  dash  at  the  end 
of  the  cold  day  cycle;  rather,  that  portion  of  the  cycle  was  run 
at  an  inlet  temperature  of  +15° F. 


Running  at  the  above  mentioned  deviant  temperature  value,  maximum 
continuous  thrust  was  measured  to  be  1.5  percent  above  the  specifi¬ 
cation  requirement  (Figure  3-20);  however,  the  fuel  control  unit 
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was  at  the  maximum  fuel  flow  limit,  which  Figure  3-21  shows  to  be 
only  509  lbm/hr  as  calibrated.  Had  the  engine  been  run  at  the 
required  inlet  temperature  during  the  high  Mach  number  dash  seg¬ 
ment,  the  low  fuel  delivery  rate  from  the  fuel  control  unit  would 
have  restricted  maximum  continuous  thrust  to  a  value  1.5  percent 
below  the  specification  requirement.  Figure  3-28  demonstrates 
that,  as  calibrated,  the  fuel  control  unit  was  at  the  509  lbm/hr 
maximum  fuel  delivery  rate  at  a  fuel  temperature  of  -2°F.  This 
is  a  value  15  lbm/hr  below  the  lower  recommended  limit  at  that 
temperature.  A  maximum  fuel  delivery  rate  of  517  lbm/hr  would  be 
required  for  this  engine  to  produce  100  percent  thrust  at  the 
required  inlet  temperature. 

The  F107  engine  fuel  control  units  are  adjusted  to  a  maximum  fuel 
delivery  rate  somewhat  lower  than  the  specification  engine  fuel 
delivery  limit  of  550  lbm/hr.  That  procedure  has  been  established 
because  the  fuel  control  unit  is  adjusted  with  calibration  fluid 
at  room  temperature  conditions.  Cold  fuel  and  high  density  fuels 
both  tend  to  raise  the  maximum  fuel  flow  limit.  The  fuel  flow 
limit  is  established  and  must  be  maintained  in  order  to  protect 
the  engine  against  overpressurization  when  operating  at  cold  day 
inlet  conditions. 

In  Figure  3-28  it  can  be  seen  that  Engine  828  at  cold  day  con¬ 
ditions  required  517  lbm/hr  of  fuel  to  attain  maximum  thrust. 
The  pre-test  calibration  of  fuel  control  unit  S/N  1443454  (a 
replacement  unit  installed  on  the  engine  at  AEDC ,  Ref.  3. 3. 2. 2.1) 
demonstrated  a  maximum  fuel  delivery  rate  of  513.9  lbm/hr  with 
the  calibration  fluid  at  60°F.  That  value  is  slightly  below  the 
acceptance  band.  The  post- test  calibration  of  that  fuel  control 
unit  demonstrated  a  maximum  fuel  delivery  rate  of  517.3  lbm/hr 
with  60° F  calibration  fluid.  Those  flow  rates  represent  the 
individual  calibration  of  fuel  control  unit  S/N  1443454  and  are 
not  representative  of  all  F107  engine  fuel  control  units. 

Data  for  Engine  828,  recorded  late  in  the  cold  day  mission  cycle 
with  both  the  engine  and  the  fuel  control  unit  heated  up  as  a 
result  of  4.8  hours  of  operation  (Figure  3-28),  indicates  that 
with  fuel  temperature  at  60° F,  the  fuel  delivery  rate  at  maximum 
power  would  have  been  502  lbm/hr.  This  represents  a  reduction  of 
11.9  lbm/hr  when  compared  to  the  fuel  control  unit  pre-test 
calibration.  It  is  evident  that  heat  soaking  and  thermal  expansion 
have  acted  to  depress  the  fuel  delivery  rate  from  the  fuel  control 
unit  even  though  cold  fuel  is  being  supplied  to  the  control. 

Total  fuel  temperature  range  calibrations  of  a  cold  F107  engine 
fuel  control  unit  with  a  JP-9  fuel  supply  have  demonstrated  that 
a  cold  fuel  control,  when  set  to  the  lower  maximum  fuel  delivery 
limit,  will  deliver  550  lbm/hr  when  supplied  with  -65°F  fuel.  If 
that  same  fuel  control  unit  calibration  flow  rate  was  to  be 
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raised  5  lbm/hr  with  60°F  calibration  fluid,  data  extrapolation 
would  indicate  that  the  cold  fuel  control  unit  would  deliver  555 
lbm/hr  with  the  fuel  supply  temperature  at  -65° F.  Note,  however 
that  the  calibration  flow  rate  being  discussed  is  at  or  near  the 
lower  end  of  the  specification  flow  rate  tolerance  band  with  60°F 
calibration  fluid.  In  a  worst-case  situation,  with  maximum  fuel 
delivery  at  the  upper  tolerance  limit,  a  fuel  delivery  of  570 
lbm/hr  would  be  possible  with  a  cold  fuel  control  unit  and  a  -65°F 
fuel  supply  temperature.  That  high  of  a  fuel  delivery  rate  would 
be  unacceptable  in  that  it  could  over-pressure  the  engine. 

3. 4. 3. 5  Post-Mission  Calibration  at  Mach  0.7,  Standard  Day 
Condition 

The  pre-  and  post-  mission  simulation  test  calibration  comparison 
is  presented  in  the  performance  summary  (Table  3-1).  Performance 
changes  were  minimal  with  the  SFC  deteriorating  by  less  than  0.5 
percent.  Maximum  continuous  HP  spool  speed  had  decreased  by  only 
50  rpm  which  yielded  a  0.7  percent  loss  in  measured  thrust.  The 
post-test  calibration  demonstrated  that  the  engine  still  met  all 
performance  requirements . 

3. 4. 3. 6  Fuel  Control  Unit  Performance 

The  engine  fuel  control  unit  maintained  governed  HP  spool  speed 
within  the  specification  limits  at  all  times.  Changes  in  governed 
HP  spool  speed  as  a  function  of  inlet  temperature  are  shown  in 
Figure  3-27.  The  engine  was  trimmed  at  WRC  to  an  HP  spool  speed 
of  62,610  rpm  at  an  inlet  temperature  of  36°F.  During  the  initial 
Mach  0.70  performance  calibration  at  AEDC  the  engine  ran  at  an  HP 
spool  speed  of  62,550  rpm  with  a  TIT  of  1785°F.  A  slight  drop  in 
maximum  governed  HP  spool  speed,  to  62,400  rpm,  was  noted  during 
the  hot  day  mission  cycle  but  the  engine  still  produced  thrust  in 
excess  of  the  specification  requirement. 

The  fuel  control  unit  was  replaced  after  failing  to  respond  to 
input  voltage  variations  during  the  hot  day  cycle.  The  replacement 
fuel  control  unit  was  trimmed  150  rpm  lower  than  the  previous 
unit  for  Mach  0.70,  standard  day  conditions.  Note  that  with  the 
replacement  fuel  control  unit  installed,  the  engine  once  again 
showed  a  drop  in  governed  HP  spool  speed  during  the  hot  day 
cycle.  The  fact  that  the  engine  demonstrated  a  loss  in  governed 
speed  with  two  separate  fuel  control  units  installed  suggests 
that  the  phenomenon  is  more  a  characteristic  of  the  engine  than 
of  the  fuel  control  unit. 

3. 4. 3. 7  IP  Air  Bleed  System  Performance 

The  air  bleed  system  on  Engine  828  was  capable  of  delivering  the 
required  airflow  and  pressure  at  all  conditions  tested.  Test 
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results  are  presented  in  figures  3-29  and  3-30  which  show  the 
observed  data  for  engine  828  in  comparison  to  the  F107-WR-400 
specification  engine.  The  better-than-specification  results  ob¬ 
served  on  this  engine  are  due  to  the  high  LP  spool  speed  which  is 
shown  to  be  700  rpm  over  that  calculated  for  the  specification 
engine  at  any  given  speed  match. 

3. 4. 3. 8  Start  Analysis 

Engine  828  completed  two  successful  cartridge  starts  to  initiate 
the  hot  and  cold  day  mission  simulation  tests.  The  start  time 
history  traces  for  these  two  starts  are  shown  in  Figures  3-32 
through  3-35.  A  comparison  with  the  F107-WR-400  specification 
start  requirements  is  shown  in  Figure  3-31.  The  test  cell  tempera¬ 
ture  around  the  engine  was  not  measured  on  the  cold  day  start  but 
with  the  45  minutes  required  to  condition  the  inlet  duct  tempera¬ 
ture  to  the  required  -9°F/  it  was  felt  that  the  cell  ambient 
temperature  was  approaching  -9°F  immediately  prior  to  the  start 
attempt . 

3. 4. 3. 9  Conclusion 

Engine  828  demonstrated  compliance  with  the  specification  perform¬ 
ance  requirements  for  the  F107-WR-400  engine.  The  maximum  contin¬ 
uous  rating  thrust  exceeded  the  specification  requirement  except 
where  restricted  by  the  low  maximum  fuel  stop  setting  in  cold 
climates.  A  low  maximum  fuel  delivery  rate  has  been  experienced 
on  other  qualification  engines  and  it  is  emphasized  that  the  fuel 
control  units  should  not  be  set  up  to  deliver  less  than  540 
lbm/hr  at  a  fuel  temperature  of  -65°F.  For  the  F107-WR-400 
engine.  Figure  3-28  shows  that  fuel  delivery  should  not  be  less 
than  528  lbm/hr  with  RJ-4  fuel  at  -15° F. 

3 . 5  MECHAN I CAL  AN ALYS I S 

3.5.1  Teardown  Inspection 

The  post-mission  simulation  test,  dirty  and  clean  teardown  inspec¬ 
tions  indicated  that  no  engine  hardware  had  failed  or  was  in 
danger  of  failure.  Minor  indications  of  light  seal  and  shroud 
rubs  were  present  and  were  considered  normal  for  an  engine  having 
completed  the  run  program  accomplished  with  Engine  828/build  6. 

There  were  two  items  of  significance  noted  during  the  teardown 
inspection.  The  first  item  was  that  one  of  the  13  balls  in  one 
of  the  accessory  drive  bearings  had  been  reduced  in  diameter  as 
shown  in  Figure  3-56.  The  other  12  balls  measured  normal  and 
little  or  no  distress  was  apparent  in  the  bearing  that  contained 
the  small  ball.  The  other  bearing  of  the  pair  appeared  to  have 
no  damage  and  measurements  appeared  normal.  No  accurate  estimate 
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of  remaining  service  life  is  possible;  however,  there  were  no 
signs  of  progressive  failure  present. 

The  second  significant  item  was  a  greater  than  normal  amount  of 
foreign  material  present  in  the  oil  reservoir.  Chemical  analysis 
of  the  particles  indicated  that  440C  stainless  steel,  bronze, 
aluminum,  and  300  series  stainless  steel  comprised  the  majority 
of  the  material  observed.  The  particles  were  most  likely  carried 
by  scavenge  oil  flow  into  the  reservoir  where  they  were  separated 
out  of  the  low  velocity  oil  stream.  Filtering  in  the  oil  supply 
system  would  have  prevented  any  of  the  particles  from  being 
carried  to  the  oil  jets.  There  was  no  evidence  of  excessive 
contamination  noted  in  the  oil  filter  and  the  oil  system  appeared 
to  have  operated  normally  throughout  the  test  program. 

3.5.2  Engine  Operating  Characteristics 

3. 5. 2.1  Oil  Sample  Analysis  Data 

The  oil  sample  analysis  data  presented  in  Table  3-V  was  derived 
from  laboratory  reports  provided  by  AEDC  (ref.  Appendix  G  of  this 
text)  and  is  presented  for  information  purposes  only. 

3. 5. 2. 2  Oil  and  Bearing  Temperature  Data 

The  oil  and  bearing  temperatures  and  oil  pressures  recorded 
during  the  testing  at  AEDC  are  compiled  in  Table  3-VII.  No 
unusual  trends  can  be  observed  from  this  information.  Results  of 
engine  oil  consumption  tests  are  presented  in  Table  3-VI. 

3. 5. 2. 3  Engine  Vibration  Data 

Engine  vibration  levels  recorded  during  the  testing  at  AEDC  are 
presented  in  Table  3-VIII.  No  unusual  indications  or  trends  can 
be  observed  from  this  data. 

3. 5. 2. 4  Fuel  Control  System 

The  results  of  the  pre-  and  post-  engine  test  measurements  on  the 
fuel  control  unit,  the  fuel  shutoff  valve  and  the  fuel  control 
inlet  air  temperature  sensor  are  shown  in  Appendix  E  of  this 
text.  The  fuel  control  unit  represented  in  these  tests  is  the 
unit  installed  at  AEDC  (S/N  1443454)  to  replace  the  unit  originally 
installed  at  WRC. 
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3. 5. 2. 2  Oil  and  Bearing  Temperature  Data 

The  oil  and  bearing  temperatures  and  oil  pressures  recorded 
during  the  testing  at  AEDC  are  compiled  in  Table  3-VII.  No 
unusual  trends  can  be  observed  from  this  information.  Results  of 
engine  oil  consumption  tests  are  presented  in  Table  3-VI . 

3 . 5 . 2 . 3  Engine  Vibration  Data 

Engine  vibration  levels  recorded  during  the  testing  at  AEDC  are 
presented  in  Table  3-VII I.  No  unusual  indications  or  trends  can 
be  observed  from  this  data. 

3. 5. 2. 4  Fuel  Control  System 

The  results  of  the  pre-  and  post-  engine  test  measurements  on  the 
fuel  control  unit,  the  fuel  shutoff  valve  and  the  fuel  control 
inlet  air  temperature  sensor  are  shown  in  Appendix  E  of  this 
text.  The  fuel  control  unit  represented  in  these  tests  is  the 
unit  installed  at  AEDC  (S/N  1443454)  to  replace  the  unit  originally 
installed  at  WRC. 
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TABLE  3-1 I.  ENGINE  828/BUILD  6,  PERFORMANCE  COMPARISON,  WRC  TO  AEDC. 
(SEA  LEVEL,  STATIC,  STANDARD  DAY)1 


I . 

At  N 2//0  =  N2  Test  at  +3.65  VDC  to  Fuel  Control 
Thrust  Fn/6  (100%  FM  min  -  INDICATE  %  FM)  2 

HP  Speed  N2/,/jT  (63200  rpm  max) 

WRC 

Actuator 

100.8 

62,610 

AEDC 

102.3 

62,300 

LP  Speed  N i/jQ  (34755  rpm  max) 

33,400 

33,390 

EGT  EGT/6  (1130° F  max) 

1020 

1009 

TIT/0  ( 1925°F  max) 

1805 

1788 

II . 

At  Fn/6  =  Fm 

EGT  EGT/6  ( 1130°F  max) 

SFC  SFC/6  *2 7  (100%  SFCM  max  -  INDICATE  %  SFCM)3 

1010 

-3.4 

1035 

-5.7 

Airflow  W-/0/6  (14.0  lbm/sec  max) 

13.50 

13.60 

(13.19  lbm/sec  min) 

HP  Speed  N 2/>/0  (63200  rpm  max) 

LP  Speed  Ni/jQ  (34755  rpm  max) 

62,400 

33,200 

62,050 

33,050 

(31445  rpm  min) 

III. 

At  Fn/6  =  90%  Fm 

EGT  EGT/0  ( 1060°F  max) 

935 

990 

SFC  SFC/0  (97.4%  SFCM  max  -  INDICATE  %  SFCM) 

-2.7 

-5.7 

Airflow  W-/0/6  (13.39  lbm/sec  max) 

12.95 

13.0 

(12.61  lbm/sec  min) 

HP  Speed  N2/VF  (62883  rpm  max) 

61,300 

60,900 

(60417  rpm  min) 

LP  Speed  N i/Jb  (33180  rpm  max) 

31,800 

31,700 

(30020  rpm  min) 

IV. 

At  Fn/6  =  75%  Fm 

EGT  EGT/6  ( 960°F  max) 

SFC  SFC/0  •*]_  (94.1%  SFCM  max  -  INDICATE  %  SFCM) 

940 

-1.6- 

935 

-4.5 

Airflow  W/-/0/6  (12.46  lbm/sec  max) 

(11.74  lbm/sec  min) 

HP  Speed  N2A/0  (60894  rpm  max) 

12.00 

59,500 

12.05 

59,050 

(58530  rpm  min) 

LP  Speed  Nj//0  (31080  rpm  max) 

29,800 

29,600 

(28120  rpm  min) 

1  WRC  data  corrected  to  sea  level,  static,  standard  day  conditions. 


2  FM  is  minimum  thrust  at  the  maximum  continuous  rating  at  sea  level 
static  as  specified  in  Table  1  of  PID  Spec  24235WR9501A  SCN  010 
dated  17  October  1978. 

3  SFCM  is  maximum  SFC  at  condition  1. 
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Engine  trim  at  WRC  62,610  rpm,  thrust  641  lb  (+0.9%)  at 
maximum  continuous  with  initial  fuel  control  as  installed 
at  WRC. 
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-VIII.  ENGINE  828/BUILD  6,  ENGINE  VIBRATION  LEVELS  RECORDED  DURING  TESTING  AT  AEDC 
(INDIVIDUAL  TEST  PERIOD  CONTENT  DETAILED  IN  TABLE  3-IX) 
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TABLE  3- IX-  ENGINE  828/BUILD  6,  QUALIFICATION  TESTING  AT  AEDC, 
INDIVIDUAL  TEST  PERIOD  CONTENT. 
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SPECIFIC  FUEL  CONSUMPTION  -  L8/(HR 
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Figure  3-2. 
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Engine  828/Build  6,  Net  Thrust  versus  HP  Spool  Speed, 
Comparison  of  WRC  and  AFDC  Data  (Sea  Level,  Static, 
Standard  Day) 
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Figure  3-6. 


NET  THRUST  -  LBS 


Engine  828/Build  6,  Airflow  and  Specific  Fuel  Consump¬ 
tion  versus  Net  Thrust,  AEDC  Performance  Calibration 
Data  (Sea  Level,  Mach  0.70,  Standard  Day) 
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Figure  3-7 


Engine  828/Build  6,  Net  Thrust  versus  HP  Spool  Speed, 
AEDC  Performance  Calibration  Data  (Sea  Level,  Mach  0.70 
Standard  Day) 
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HOT  OAY  MISSION  PROFILE  F107  WR400  S/N  828  Mn=0.70 


ill  William*  Rasaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


Flight  Conditions) 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


Flight  Conditions) 


Ill  Williams  Rosaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


Figure  3-15.  Engine  828/Build  6,  Time  History  of  LP  Spool  Speed,  Hot  Day 
Mission  Simulation  (Various  Flig’it  Conditions) 


-16.  Engine  828/Build  6,  Time  History  of  Turbine  Inlet  Temperature 
Hot  Day  Mission  Simulation  (Various  Flight  Conditions) 
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COLD  DAY  MISSION  PROFILE  F1Q7-WR-4QO  S/N  828  M  =  0.70 
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Figure  3-20.  Engine  828/Build  6,  Time  History  of  Net  Thrust,  Cold  Day  Mission 
Simulation  (Various  Flight  Conditions) 
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Figure  3-22.  Engine  828/Build  6,  Time  History  of  HP  Spool  Speed,  Cold  Day 
Mission  Simulation  (Various  Flight  Conditions) 
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Figure  3-24.  Engine  828/Build  6,  Time  History  of  Turbine  Inlet  Temperature 
Cold  Day  Mission  Simulation  (Various  Flight  Conditions) 
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Figure  3-25.  Engine  828/Build  6,  Time  History  of  Exhaust  Gas  Temperature, 
Cold  Day  Mission  Simulation  (Various  Flight  Conditions) 
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26.  Engine  828/Build  6,  Time  History  of  Engine  Airflow,  Cold  Day 
Mission  Simulation  (Various  Flight  Conditions) 


Figure  3-27.  Engine  828/Build  6,  HP  Governed  Speed  as  a  Function  of  Inlet 
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Figure  3-29.  Engine  828/Build  6,  Bleed  Air  System  Performance, 
AEDC  Performance  Calibration  Data 
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Figure  3-30.  Engine  828/Build  6,  Bleed  Air  System  Performance,, 
Hot  and  Cold  Day  Mission  Simulation  Data 
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3-31.  Engine  828/Build  6,  Cartridge  Start  Times  as  Compared 
to  Ambient  Temperatures,  Hot  and  Cold  Day  Mission 
Simulation  Tests 
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Figure  3-33.  Engine  828/Build  6,  Time  History  of  Start  Cartridge 
Pressure,  Hot  Day  Mission  Simulation  Cartridge  Start 
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Figure  3-34.  Engine  828/Build  6,  Time  History  of  Compressor  Discharge  Pressure 
LP  Spool  Speed  and  HP  Spool  Speed,  Cold  Day  Mission  Simulation 
Cartridge  Start 


828/Build  6,  Time  History  of  Start  Cartridge  Pressure 
y  Mission  Simulation  Cartridge  Start 
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Figure  3-37.  Typical  F107  Engine  Installation  in  Vibration  Test  Fixture 
(Front  View) 
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-38.  Typical  F107  Engine  Installation  in  Vibration  Test  Fixture 
{Rear  View) 
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39.  Typical  F107  Engine  Installation  in  Test  Cell  T-5  at  AEDC 


Figure  3-40.  Typical  F107  Engine  Installation  in  Test  Cell  T-5  at  AEDC 
(Closeup) 


Figure  3-43.  Graphic  Presentation  of  PLA  Settings  for  Terrain-Following 
Cycle  No.  1 
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Figure  3-44.  Graphic  Presentation  of  PLA  Settings  for  Terrain-Following 
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A-15562 

Figure  3-48.  Engine  828/Build  6,  Time  History  of  Inlet  Pressure  (Specification 
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Figure  3-49.  Engine  828/Build  6,  Time  History  of  Test  Cell  Pressure  (Specifi¬ 
cation  Compared  to  Actual  Values) ,  Hot  Day  Mission  Simulation 
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-51.  Engine  828/Build  6,  Time  History  of  Fuel  Temperature  (Specif i- 


3-76 


Figure  3-52.  Engine  828/Build  6,  Time  History  of  Inlet  Pressure  (Specifi¬ 
cation  Compared  to  Actual  Values) ,  Cold  Day  Mission  Simulation 
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Figure  3-55.  Engine  828/Build  6,  Time  History  of  Fuel  Temperature  (Specifi¬ 
cation  Compared  to  Actual  Values)  Cold  Day  Mission  Simulation 
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Figure  3-56.  Engine  828/Build  6,  Condition  of  Accessory  Drive  Bearings  Ob¬ 
served  During  Post-Mission  Simulation  Teardown  Inspection 
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APPENDIX  A 

PRE-  AND  POST-TEST  DIMENSIONAL  DATA 


This  Appendix  is  a  compilation  of  pre-  and  post-test  measurements 
on  critical  engine  components . 
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CMEP  1-0773 


Department  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright  Patterson  Air  Force  Base 
OH  45433 

Attention:  YZET/Charles  Hutcheson 

Subject:  Transmittal  of  F107-WR-400  Run 

Program  No.  QT21  to  Arnold 
Engineering  Development  Center  (AEDC) 

Gentlemen: 

Attached  are  two  copies  of  "F107-WR-400  Run  Program  No.  QT21,” 
dated  6  November  1979  pertaining  to  Mission  Simulation  Endurance 
Qualification  testing  to  be  performed  on  Engine  No.  828 
scheduled  for  January  1980.  This  run  program  is  being  provided 
as  a  guide  and  supplement  to  the  Qualification  Test  Plan  CMEP 
91-4043G,  Report  78-145-8,  18  October  1979,  Approval  Copy  Version 
(QTP)  to  aid  in  performing  the  test.  The  QTP  should  be  referred 
to  for  detailed  information  and  to  complete  the  "definition  of 
testing"  requirements.  X  am  forwarding  this  run  program  to  you 
for  your  review  and  transmittal  of  a  signed  copy  to  J.  Fergus 
at  AEDC  upon  your  acceptance  of  the  QTP  and  the  attached  run 
program. 

Sincerely, 

WILLIAMS  RESEARCH  CORPORATION 

F.  L.  Sole 

Sr.  Development  Engineer 
FS/el 

cc:  Letter  and  Attachment 

R.  Lewis 
J.  Fergus  (AEDC) 


R.  B.-  Balsley 
Program  Manager 


Letter  Only 


P.  Wood 
R.  Stephens 
B.  Beckett 


R.  Liposky 
D.  Merry 
R.  Conley 


Attachment 
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1.0  GENERAL  INFORMATION 

1. 1  Increment  Title 

F107-WR-400  Phase  II  Qualification  Testing 

1.2  Increment  Category 

1.2.1  Environmental  vibration  test  per  PID  specification 
(Reference  A)  paragraph  4.6.4.13.2  and  WR-400  QT  plan 
(Reference  B)  paragraph  3.3.3. 

1.2.2  Mission  simulation  endurance  qualification  test  on 
RJ-4  fuel  per  PID  specification  (Reference  A)  paragraph 
4.6.3.2g  and  WR-400  QT  plan  (Reference  B)  paragraph  3.2.4. 

1.3  Objective  of  Test 

1.3.1  The  objective  of  the  environmental  vibration  test  is 
to  demonstrate  that  the  F107-WR-400  engine  is  capable  of 
successfully  completing  an  environmental  vibration  test  as 
defined  in  paragraph  4.6.4.13.2  and  3.3.3  in  the  PID  spec¬ 
ification  and  wr -400  QT  plan  respectively. 

1.3.2  The  objective  of  the  mission  simulation  test  is  to 
demonstrate  that  the  F107-WR-400  engine  is  capable  of 
successfully  completing  a  mission  simulation  endurance  test 
with  simulated  terrain  following  as  defined  in  paragraph 

4 . 6. 3 . 2g  and  3.2.4  in  the  PID  specification  and  WR-400  QT 
plan,  respectively. 

1. 4  Test  Schedule 

The  anticipated  calendar  testing  period  is  7  January  1980 
through  31  January  1980. 

1. 5  Test  Article  Configuration 

The  engine  to  be  tested  will  be  engine  No.  828  which  is  a 
Model  No.  XF107-WR-400  engine  P/N  1029110-108  with  OPEVAL  and 
QT  instrumentation. 

Paragraphs  2.1  and  2.2  of  the  WR-400  QT  plan  (Reference  B) , 
the  specific  parts  list  and  top  assembly  and  basic  assembly 
drawings  submitted  to  the  using  service  and  test  facilities 
should  be  referred  to  for  any  further  information  required 
relative  to  the  test  article  definition. 
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1.6  Teat  Cell  Configuration 

The  standard  test  cell  configuration  used  for  the  F107- 
WR— 400  FSD  testing  will  be  used.  Capability  for  performing 
simulated  launch  starts  using  both  air  crank  and  pyrotechnic 
cartridge,  and  the  pop  start  valve  is  required. 

Williams  Research  Corporation  (WRC)  supplied  engine  IP  bleed 
measuring  station  as  shown  in  Figure  1  will  be  used.  Detailed 
requirements  concerning  cell  configuration  and  facility 
support  requirements  are  provided  in  the  WR-400  qt  plan 
(Reference  B) ,  Section  2.6. 


1.7  Security 

Security  is  as  specified  in  Cruise  Missile  Classification 
Guide  OPNAVINST  S-5513.2  of  25  January  1979. 

1.8  Engine  Operating  Limits 

The  engine  operating  limits  are  defined  in  the  table  below.  i 

Two  sets  of  values  are  given  for  each  parameter.  Should  the 
engine  reach  the  Column  A  value,  the  on-site  WRC  representative 
is  to  be  informed  immediately.  No  further  action  is  to  be 
taken  unless  the  WRC  representative  deems  it  necessary. 

Should  the  engine  then  reach  the  Column  B  value,  the  engine 
is  to  be  shut  down  immediately. 


Parameter 

LP  Rotor  Speed 

HP  Rotor  Speed 

EGT  Avg  Steady  State! 

EGT  Ind  Steady  Stat ej 

EGT  Ind  During  Start 

11  Brg  Temp* 

#2  &  #3  Brg  Temp 
#4-5  4  #6  Scav  Oil  Temp 
Oil  Pressure  (Min) 

Oil  Pressure  (Max)  SS 
Vibration  Inlet** 

Vibration  Triax** 

Vibration  Rear  Hsg** 


A 


B 


Advise  WRC 
Representative 

ST'ffwr 


Shut  Engine  Down 
38,000  rpm 
65,000  rpm 


rpm 

64,000  rpm 
(Graph  to  be  provided  with  engine  vs 
(Jnlet  Temperature 
QTP  Fig  3-3 


300°F 
450°F 
450°F 


1700  F 
350°F 
525°F 
525°F 


40  psig 
120  psig 
15  g's  rms 

15  g's  rms 

50  g's  rms 


30  Steady  State 
200  psig 
30  g's  on  any 
two  channels 
30  g's  on  any 
two  channels 
No  Limit 


♦Bearing  temperature  limits  in  Column  B  are  to  be  compared 
to  the  coldest  reading  when  two  readings  are  available. 


••Correlation  of  control  room  monitor  vibration  readings 
and  the  actual  engine  location  and  direction  of  the 
accelerometer  (i.e.,  radial,  tangential  or  axial)  being 
read  is  required. 
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1 . 9  Governing  Documents 

In  the  event  of  conflict  between  this  document  and  the 
qualification  test  plan,  the  contents  of  the  qualification 
test  plan  shall  be  considered  a  superseding  requirement.  Items 
^2  and  40  on  the  test  summary  sheets  are  an  exception  to  this. 

2.0  INSTALLATION 

2.1  Installation  requirements  are  defined  in  paragraph  3.2.4 
of  the  wr- 400  qt  plan  (Reference  B) . 

3.0  DATA  ACQUISITION 

3 . 1  Instrumentation 

The  engine  instrumentation  requirements  are  as  shown  on  the 
attached  instrumentation  requirements  sheets  and  Table  2-IV 
and  Appendix  B  of  the  WR-400  QT  plan  (Reference  B) . 

3.2  Data  Required 

Data  acquisition  requirements  are  as  defined  in  paragraph 
3. 2. 4. 6  and  2.6.3  of  the  WR-400  QT  plan  (Reference  B) . 

Steady  state  data  during  the  mission  simulation  is  to  be 
taken  for  those  items  indicated  by  Table  3-1  of  reference 
B. 


3 . 3  Data  Reduction  Requirements 

The  current  T-5/F107  Data  reduction  program  will  be  used 
to  compute  engine  performance.  The  value  of  the  turbine 
flow  parameter  is  TBD.  All  other  engine  constants  currently 
being  used  in  the  data  reduction  program  remain  unchanged 
except  exhaust  nozzle  angle  value  and  direction  must  be 
compatible  with  the  F107-WR-400  engine  nozzle.  A  second 
calculation  of  engine  performance  will  be  required  using 
theta  »  (T2/518 . 67)  0.67  for  fuel  flow  correction.  Plots  of 
data  required  are  specified  in  paragraph  2.73  and  Tables  2-V 
and  2-VI  of  the  WR-400  QTP.  A  calculation  of  turbine  inlet 
temperature  will  be  required  also. 

4.0  TEST  PROCEDURE 

4. 1  Test  Sequence 

Due  to  the  nature  of  these  tests,  they  must  be  run  in 
the  sequence  given  on  the  attached  test  summary  sheet. 


I 
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4.2  Oil  Consumption 

Oil  consumption  shall  be  determined  before,  during  and  after 
the  mission  simulation  endurances.  The  consumption  before 
and  after  the  endurance  shall  be  computed  during  the  pre  and 
post  calibrations,  items  16  and  40  respectively  on  the 
attached  F107-WR-400  test  summary  sheets.  Oil  consumption 
during  the  mission  simulation  endurances  shall  be  determined 
after  items  29  and  37  on  the  test  summary  sheet.  The 
"Drain  and  Weigh*  method  will  be  used  to  compute  these 
consumptions.  MIL-L-23699  oil  will  be  used  in  the  engine 
main  oil  tank. 

4 . 3  Environmental  Vibration 

The  environmental  vibration  test  is  to  be  performed  as 
defined  in  paragraph  3.3.3  of  the  WR-400  QTP  (Reference  B) . 
This  test  is  to  be  completed  prior  to  shipping  the  engine 
to  AEDC. 

4.4  Initial  Engine  Start  and  Checkout 

Upon  completion  of  the  engine  installation  in  the  test 
cell,  the  fuel  system  is  to  be  purged  of  air  and  pres¬ 
surized  per  Appendix  H  of  the  WR-400  QT  plan  (Reference  B) . 

Engine  is  to  be  operated  as  defined  in  Appendix  C,  paragraph 
8.0,  of  the  WR-400  QT  plan  (Reference  B)  in  order  to  check 
out  all  instrumentation  hook-ups  and  perform  an  engine 
trim  check. 

4.5  Engine  Calibration  Under  Simulated  Flight  Conditions 
(Pre-endurance  Calibration) 


The  pre-endurance  calibration  is  defined  in  paragraph  2.7.3 
of  the  WR-400  QTP  plan  (Reference  B)  and  is  to  be  completed 
as  part  of  the  testing  defined  by  paragraph  4.4  of  this 
run  program. 

4.6  Hot  and  Cold  Day  Mission  Simulations 

After  completing  paragraph  4.5  above,  perform  the  high 
and  low  temperature  mission  simulation  test  as  defined 
in  paragraph  3.2.4  of  the  WR-400  QT  plan  (Reference  B) . 
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4.7  Poet- Endurance  Calibration 

The  post-endurance  calibrations  are  defined  in  paragraphs 
3. 2. 4. 8  and  3.2.4.10  of  the  WR-400  QT  plan  (Reference  B) 
and  are  to  be  completed  as  part  of  the  testing  defined  by 
paragraph  4.6  of  this  run  program. 


Reference:  A.  Prime  Item  Development  Specification 

24235WR9501A,  December  1978 

B.  Qualification  Test  Plan  CMEP  91-4043G 
Report  No.  78-145-8  18  October  1979 

Approval  Copy  Version 
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ATTACHMENT  No.  1 

Engine  S/N  828  Oil  Consumption  Measurement 


The  following  procedure  is  intended  to  give  a  good  measurement 
of  oil  consumption  during  the  portions  of  testing  on  engine 
S/N  828  indicated  in  the  following  table: 


Oil 

System 

Required 

Summary  Sheet 

Test 

Engine 

Engine  and 

Oil 

Type 

Item  No. 

Description 

only 

Aux  Tank 

Encf 

Aux 

X 

16 

Pretest  Calib 

X 

* 

X 

27-29 

Mission  Sim  Hot 
Recertification 

X 

* 

X 

35-37 

Mission  Sim  Cold 
Endurance 

X 

* 

X 

40 

Recalibration 
Base  Line  Check 

X 

* 

*Oil  type  is  MIL-L-23699 


The  table  specifies  when  checks  are  required  and  whether  check  is 
only  using  engine  oil  system  or  both  engine  and  the  auxiliary  oil 
system.  Oil  types  that  will  be  used  in  the  main  tank  and  the 
auxiliary  oil  tank  are  indicated  in  the  above  table.  For  each 
consumption  run,  it  will  be  necessary  to  document  the  specific 
gravity  of  the  oil  in  the  engine  before  and  after  the  run  in 
order  to  accurately  compute  consumption  in  gallons  per  hour. 

These  specific  gravity  checks  should  be  made  after  the  oil  has 
cooled  to  approximately  75°F.  All  oil  drained  from  the  system 
is  to  be  retained  and  returned  to  WRC  with  the'  engine.  Each 
container  is  to  be  tagged  as  to  which  part  of  the  engine  it 
was  drained  from,  date  drained,  and  time  drained. 

Detailed  procedures  for  computing  consumption  using  engine  oil 
system  only  and  engine  and  auxiliary  oil  systems  together  are 
provided  below.  In  calculating  the  oil  consumption  for  the 
test  using  the  methods  defined  below,  care  must  be  taken  to 
determine  the  exact  amount  of  oil*.'put  in  the  engine  and  drained 
from  the  engine.  For  example,  if  the  oil  is  put  in  a  beaker 
or  graduate  for  easier  pouring  into  the  engine,  that  beaker 
or  graduate  should  be  weighed  clean,  with  the  oil  in  it  and 
after  the  oil  has  been  poured  into  the  engine.  It  takes  very 
little  oil  clinging  to  the  container  to  alter  the  measurement. 
Some  rough  checks  indicate  that  2-3  grams  cling  to  the  container 
every  time  it  is  used,  and  this  can  represent  10  to  15  percent 
of  the  oil  usage  during  a  20  minute  run. 
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1.8.12  Determine  the  volume  oik  oil  in  the  engine  it  the 
beginning  of  t^e  test  from  the  weight  in  1.5.5  and  the'v 
specific  gravit^from  1.5.5.  Recora^ _ _ _ gallonV. 


1.8.13 


Determine\the  volume  of  oil  lk  the  engine  oil 


k  at  the  end  of  the  test  from  1.8.4  and  1.8.5. 


1.8 
the  en< 
either 


Determine  the  volume  of  oil  in  the  2y,3  cavity  at 
the  test  from  1/^.6  and  the  specif ic'gravity  from 
.6  or  1.8.5.  Record  gallons . 


1.8.15 
(1.8.10)  +  ( 


the  volume  ot  oil  consumed  duringsjtest. 
12)  -  (1.8.13)  -  f^.8.14).  Record  results, 
ons. 


1.8.16  DeterminW  the  oil  consumptiohyrate  in  gal/hr  from' 
engine  run  time  Xrecord  X  and  the  oil  consume 

Lt.  dkl/hr. 

NOTE:  Before  operating  engine  agaiX.  be  sure 
engineShas  been  serviced  wsfch  oil. 


2.0  OIL  CONSUMPTION  MEASUREMENT  -  Engine  System  Only 


2.1  The  procedure  for  performing  an  oil  consumption  check 
using  the  engine  oil  system  only  is  defined  below.  Steps  2.1.1 
through  2.1.5  must  be  completed  within  30  minutes  of  shutdown 
following  an  engine  run  equivalent  as  a  minimum  to  the  warm 
up  run  defined  in  attachment  no.  2. 


2.1.1  Drain  the  engine  oil  tank  and  the  2-3  cavity  for 
eight  minutes  if  not  already  drained.  Replace  the  oil  tank 
and  gearbox  drain  plugs . 


2.1.2  Weigh  the  empty  container  that  will  be  used  to  add 

oil  to  the  engine.  Record  weight  _ . 

2.1.3  Add  825  ml  of  the  oil  specified  by  the  table  above 

to  the  container  and  weigh  the  container  with  the  oil  in  it. 
Record  weight  _ . 

2.1.4  Pour  the  oil  from  the  container  into  the  engine  oil 

tank.  Then  weigh  the  container  and  record  weight  _ 

2.1.5  Determine  the  amount  of  oil  added  to  the  engine  by 

subtracting  2.1.4  from  2.1.3.  Record  _ .  Measure 

specific  gravity  of  oil  from  the  batch  of  oil  used.  Record 


B-17 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


1  November  1979 
Attachment  Mo.  1 
Page  6 


2.2  Perform  the  engine  run  during  which  oil  consumption  is  to 
be  measured. 

2.9  The  following  steps  are  necessary  to  determine  oil  consumption 
after  completing  2.2  above. 

2.3.1  Weigh  the  container  that  the  oil  will  be  drained  into 

and  record  the  weight  . 

2.3.2  At  10  minutes  after  shutting  the  engine  down,  begin 

draining  the  oil  from  the  engine.  Drain  both  the  oil  tank  and 
the  2-3  cavity  into  the  container.  Drain  for  eight  minutes, 
weigh  the  oil  and  the  container.  Record  weight _ . 

2.3.3  Subtract  the  weight  of  the  container  2.3.1  from  the 

weight  of  the  oil  and  container  2.3.2  to  obtain  the  weight  of 
the  oil  drained.  Record  weight  _ . 

2.3.4  Subtract  the  weight  of  the  oil  drained  from  that  of 

the  oil  added  in  2.1.S  to  determine  the  weight  of  oil  consumed. 
Record  _ ' _ . 


2.3.5  From  the  weight  of  oil  consumed  2.3.4,  the  specific 

gravity  of  the  oil  2.1.5,  and  the  engine  run  time,  calculate 
the  oil  consumption  rate  in  gal/hr.  Record  _  . 

2.3.6  Install  the  drain  plugs  in  the  oil  tank  drain  and  the 
2-3  cavity  drain. 

2.4  MOTS:  Before  operating  engine  again,  be  sure  engine 

has  been  serviced  with  oil. 
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ATTACHMENT  NO.  2 
ENGINE  WARM  OP  RON 

I 

5  September  1979 
Page  1  of  1 

1.  Service  engine  oil  system,  it  required,  per  direction  of  WRC. 

2.  Air  start  to  idle. 

3.  Run  2  minutes  at  idle  while  checking  engine  health  parameters.  •. 

1 

4.  Accel  to  (OK  n2  -  run  6  minutes  minimum. 

5.  Decel  to  idle  -  run  2  minutes  cooldown. 

6 .  Shut  down . 

7.  Drain  engine  oil  -  minimum  drain  time  is  8  minutes  to  assure 
thorough  draining. 

jb/hr9 
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c  h  Corporation 


16  November  1979 


CMEP  1-0786 


Department  of  tha  Air  Force 
Aeronautical  Systems  Division 
wright-Patterson  Air  Force  Base 
OH  45433 

Attention:  VZET/Charlea  Hutcheson 

Subject:  Transmittal  of  F107-WR-400  Addendum 

No.  1  to  F107-WR-400  Run  Program  No. 

QT21  to  Naval  Air  Propulsion  Center 
(NAPC) 

Gentleman: 

Attached  are  two  copies  of  "Addendum  No.  1  to  F107-WR-400 
Run  Program  No.  QT21,"  dated  15  November  1979.  This  addendum 
pertains  to  addition  of  oil  tank  pressure  instrumentation  to 
and  revisions  to  engine  operating  limits  for  engine  No.  329. 

I  am  forwarding  this  addendum  to  you  for  your  review  and 
transmittal  of  a  copy  to  R.  Burns  at  NAPC  upon  year  acceptance 
of  it . 

Sincerely, 

WILLIAMS  RESEARCH  CORPORATION 


F.  L.  Sole 

Sr.  Development  Engineer 


mr/mrl 

cc:  Letter  and  Attachment: 

R.  Lewis 
R.  Burns  (NAPC) 


R.  U.  Ojlslcy  / 
Program  Manager 


Letter  Only: 

P.  Wood  D.  Best 

R.  Stephens  D.  Merry 
B.  Beckett  R.  Conley 


Attachment (s) 
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ADDENDUM  NO.  1  TO 
F107-WR-400  RUN  PROGRAM  NO.  QT21 
15  November  1979 


Reference:  F107-WR-400  Run  Program  No.  QT21,  dated 

6  November  1979 


The  purpose  of  this  addendum  is  to  provide  further  definition 
to  the  testing  required  on  Engine  No.  828.  The  testing  is  to 
be  performed  as  defined  in  the  above  reference  with  the 
following  exceptions : 

1.  The  following  instrumentation  is  added  to  the  instrument¬ 
ation  requirements  and  is  to  be  read  by  a  facility  transducer. 


Control 

Parameter  Total  No.  Total  No.  Range  Steady  Trans-  Rocm 

Designation  Symbol  of  Rakes  of  Probes  Min  Max  State  ient  Monitor 


Pressures  (PSIA) 

Oil  Tank  Pressure  PTANK  1  1  0  40  /  /  / 


2.  In  paragraph  1.8,  Engine  Operating  Limits  of  reference  A, 
the  following  engine  operating  limits  are  revised  to  the  values 
indicated  below  or  added  as  indicated  below.  If  not  listed 
below,  the  limit  remains  as  cited  in  reference  A. 


Parameter 


A 

Advise  WRC 
Representative 


Revised: 


#1  Brg  Temp* 

12  4  #3  Brg  Tenp 
♦4-5  4  #6  Scav  Oil 
Oil  Pressure  (Min) 
Oil  Pressure  (Max) 
Vibration  Inlet 

Vibration  Triax 


300^ 

450°F 
Taip  450°F 

40  psig 

SS  120  psig 

15  g's  rms 

15  g's  rms 


Added: 


B 

Shut  Ebqine  Down 


350°F 

525°T 

525°F 

30  psig  Steady  State 
200  psig 
30  g's  on  any 
two  channels 
30  g's  cn  any 
two  channels 


Oil  Tank  Pressure 


Graph  to  be  provided  with  engine 
Versus  corrected  If  rotor  speed 
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•Bearing  temperature  limits  in  Column  B  are  to  be  compared  to 
the  coldest  reading  when  two  readings  are  available. 

3.  Items  1-2  above  are  exceptions  to  paragraph  1.9,  Governing 
Documents  o £  reference  A. 

mr/mrl 
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Williams  Rasaarch  Corporation 


2S  March  1980 


CMEP  1-0935 


Department  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright -Patterson  Air  Force  Base 
OH  45433 

Attention :  YZET/Charles  Hutcheson 

Subject i  Transmittal  of  F107-WR-400  Addendum 

No.  2  to  F107-WR-400  Run  Program  No. 

QT21  to  Arnold  Engineering  Development 
Center  AEDC 

Gentlemen:  „ 

Attached  are  two  copies  of  "Addendum  No.  2  to  F107-WR-400 
Run  Program  No.  QT21,"  dated  25  March  1980.  This  addendum 
deletes  environmental  vibration  test  requirements  for  engine 
No.  828-6  to  be  tested  in  April  1980.  X  am  forwarding  this 
addendum  to  you  for  your  review  and  transmittal  of  a  copy 
to  J .  Fergus  at  AEDC  upon  your  acceptance  of  it . 

Sincerely , 

WILLIAMS  RESEARCH  CORPORATION 

F.  L.  Sole 

Senior  Development  Engineer 
mr/ha2 


Attachment (s) 

cc :  Letter  and  Attachment : 

B.  Cockshutt 
R.  Lewis 
J.  Fergus,  AEDC 


t  t  i  •  WIST  MAPLE  *  O  A  0  •  WALLED  LAKE.  MICHIGAN  •  4(0(1 
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Letter  Only : 

P ,  Wood 
B.  Beckett 
D.  Merry 
R.  Conley 
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ADDENDUM  NO.  2  to  F107-WR-400 
RUN  PROGRAM  NO.  QT21 
25  March  1980 


Reference:  A.  F1Q7-WR-400  Run  Program  No.  QT21,  dated 

6  November  1979. 

B,  Addendum  No.  1  to  F107-WR-400  Run  Program 
No.  QT21,  dated  15  November  1979. 

The  purpose  of  this  addendum  is  to  provide  further  definition 
to  the  testing  required  of  engine  No.  828-6  during  April  1,  1980 
through  April  15,  1980.  The  testing  is  to  be  performed  in  its 
entirety  as  defined  in  the  above  references,  including  a  cart¬ 
ridge  start  at  the  beginning  of  each  cycle .  Exceptions  to  the 
definition  are  as  follows  : 

1.  Paragraphs  1.2.1,  1.3.1,  and  4.3  and  Item  No.  12  on  the 
Test  Summary  Sheet  of  Reference  A  which  pertain  to  the 
environmental  vibration  portion  of  the  qualification  test 
are  deleted. 

2 .  Item  No .  1  of  this  addendum  is  an  exception  to  paragraph 
1.9  Governing  Documents  of  Reference  a. 
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9  April  1980 


CMEP  1-0951 


Department  of  the  Air  Force 
Aeronautical  Systems  Division 
Wright  Patterson  Air  Force  Base 
Ohio  45433 

Attention:  YZET/Charles  Hutcheson 

Subject:  Transmittal  of  F107-WR-400  Addendum  No.  3  to 

F107-WR-400  Run  Program  No.  QT21  to  Arnold 
Engineering  Development  Center  (aedc) 

Gentlemen :  t 

Attached  are  two  copies  of  "Addendum  No.  3  to  F107-WR-400  Run 
Program  No.  QT21,"  dated  7  April  1980.  This  addendum  pertains 
to  replacement  of  the  fuel  control  and  continuation  of  the  QT 
Phase  XX  WR-400  mission  simulation  test  on  Engine  No.  828  that 
was  terminated  on  2  April  1980. 

X  am  forwarding  this  addendum  to  you  for  your  review  and  trans¬ 
mittal  of  a  signed  copy  to  J.  Fergus  at  AEDC  upon  your  acceptance 
of  it. 


Sincerely, 

WILLIAMS  RESEARCH  CORPORATION 

F.  L.  Sole 

Senior  Development  Engineer 
l8/tc2 

Letter  and  Attachment 
cc:  B.  Cockshutt 
R.  Lewis 
J.  Fergus,  AEDC 


R.  B.  Balsley  S 

Program  Manager 


Letter  Only 
P.  Wood 
B.  Beckett 
R.  Conley 
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ADDENDUM  NO.  3  to  F107-WR-400 
Run  Program  No.  QT21 
7  April  1980 


Reference  A:  F107-WR-400  Run  Program  No.  QT21,  dated 
6  November  1979 

B:  Addendum  No.  1  to  F107-WR-400  Run  Program 
No.  QT21,  dated  15  November  1979 

C:  Addendum  No.  2  to  F107-WR-400  Run  Program 
No.  QT21,  dated  25  March  1980 


The  purpose  of  this  addendum  is  to  provide  further  definition 
for  the  testing  of  Engine  No.  828  currently  installed  in  cell 
T-5  at  AEDC.  Testing  was  terminated  on  2  April  1980  due  to  a 
lack  of  engine  response  when  a  change  of  power  level  was  commanded. 

The  fuel  control  was  removed  and  is  to  be  replaced.  The  test  is 

to  be  continued  as  defined  in  the  above  references  with  the  following  , 

exceptions . 

1.  The  replacement  fuel  control  and  a  set  of  ignitors  shall 
be  vibrated  on  another  engine  as  defined  in  Paragraph  4.3  of 
Reference  A  prior  to  being  installed  on  Engine  No.  828. 

2.  Upon  completing  installation  of  replacement  fuel  control, 
the  engine  is  to  be  started  to  idle  and  a  leak  check  performed. 

Repair  leaks  as  required. 

3 .  After  completing  Step  2 ,  check  engine  trim  by  performing 
a  slow  accel  to  4-3.65  VDC  PLA  or  engine  operating  limits  (whichever 
occurs  first) .  This  shall  be  performed  at  Reference  A  test 
summary  sheet  Item  16  conditions  (SL/0.70  standard  day  with  5.0 
shaft  horsepower  extraction ,  bleed ,  and  a  clean  inlet . ) 

4.  After  Step  3,  adjust  engine  trim  if  necessary  (reference  A 

test  summary  sheet  Item  17)  to  HP  Speed  «  62,550  *  ?nn  rpm 

at  4-3.65  VDC  at  SL/.70  standard  day  with  5.0  shaft  horsepower 
extraction,  bleed  and  a  clean  inlet. 

5 .  After  Step  4 ,  perform  a  three  point  engine  calibration 
(Reference  A  test  summary  sheet  Item  No.  16  except  perform  only 
top  three  power  settings)  taking  two  data  points  at  4-3.65  and 
only  one  data  point  at  each  of  the  other  two  power  settings. 
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Addendum  No .  3 
7  April-  1980 
Page  2 


6.  After  Step  5,  at  the  same  flight  condition  and  engine 
loads  as  Step  5,  perform  a  rapid  accel  -  decel  from  -7.15  to 
-1-3.65  to  -7.15  VDC  PLA  with  a  60  second  stabilization  period 

at  -1-3.65  to  ensure  speed  at  >3.65  is  repeatable  (within  ±75 
RPM  of  trim  speed) .  Adjust  engine  trim  accordingly  if  required 
until  speed  is  repeatable. 

7.  After  Step  6,  replace  ignitors  with  those  that  were 
vibrated  in  Step  1.  Also  Inspect  engine  for  fuel  and  oil 
leaks  and  repair  leaks.  If  repairs  are  required,  perform  a 
check  run  after  completing  the  repairs  (Item  24  of  Reference  A 
test  summary  sheet) . 

8.  After  Step  7,  perform  a  final  leak  inspection  if  a 
check  run  was  performed  and  service  oil  system  if  no  further 
check  runs  are  required.  (Item  25  of  Reference  A  test  summary 
sheet . ) 

9.  After  Step  8,  perform  the  mission  simulation  test 

as  defined  in  the  above  references  from  reference  A  test  summary 
sheet  Item  27  through  41  except  a  compressed  air  crank  start 
in  Item  27  shall  be  made  instead  of  a  cartridge  start  since 
a  cartridge  start  was  already  performed  for  that  item  on 
2  April  1980. 

10.  Steps  1  through  9  of  this  addendum  are  exceptions 
to  Paragraph  1.9  Governing  Documents  of  reference  A. 

Is/mb2 
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Reference:  Woodward  Governor: 


Request  for  Deviation  No.  WG-D-002 


Woodward  Governor  Company,  supplier  of  the  Flo 7  CME  Main  Fuel  Control 
Units,  WRC  P/N  23850  and  23860,  requests  approval  to  rework  their 
Conduit  Assy,  P/N  5439-062  by  applying  electroless  nickel  plating 
per  MXL-C-26-74,  Class  1,  Grade  A  (.001  thick)  to  the  two  end  fittings, 
reidentify  the  assembly  as  P/N  S39-70,  and  substitute  for  the  P/N  5439- 
066  Conduit  as  P/N  5439-70,  and  substitute  for  the  P/N  5439-066  Conduit 
Asay  specified  on  their  8061-007  and  8061-009  parts  list3. 


77"  wtco  ►-<>•  ocv 1 4f«on/ «a«v<*  ”  ~  - 

The  primary  need  for  the  proposed  deviation  concerns  the  F107  Component 
Qualification  Phase  of  the  23850  and  23860  Fuel  Control  Units  which  is 
currently  on  stop.  The  5439-70  Conduit  Assy  will  be  a  rework  of  the 
present  5439-062  Conduit  Assy  with  electroless  nickel  plating  applied 
to  the  Type  410  cast  and  Type  416  wrought  stock  ends,  both  of  which 
evidenced  corrosion  during  qualification  humidity  testing.  The  action 
taken  to  correct  the  corrosion  problem  was  to  change  the  materials  from 
Type  410  cast  and  416  wrought  stock  to  Type  347  stainless  steel  cast 
and  machined  ends. 

(continued  on  Attachment  A) 
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ATTACHMENT  A  Request  for  Deviation 

NO.  WRC  D-002 

BLOCK  446  DESIGNATION  FOR  DEVIATION 

a.  MODEL/TYRE  -  This  deviation  is  applicable  to  Engine  Models; 
F107-WR-1G1,  F107-WR-102,  and  F107-WR-400. 

b.  SYSTEM  DESIGNATION  -  This  deviation  is  applicable  to  Systems 
designated;  AGM-86B,  AGM-109,  and  BGM-109. 

BLOCK  24  NEED  FOR  DEVIATION  (continued) 

The  secondary  need  concerns  continuation  of  the  FCU  Component 
Qualification  Test  (currently  on  stop)  and  utility  of  available 
hardware . 

Complete  conduit  assemblies  and  end  fittings  of  Type  410  and 
Type  416  stainless  steel  are  available  for  rework  for  all  the 
FCD's  presently  on  order.  The  electroless  nickel  will  provide 
the  corrosion  protection  required  by  the  specification.  Inter¬ 
changeability  is  not  affected. 

Approval  to  implement  the  rework  and  use  of  existing  hardware 
will  permit  resumption  of  component  qualification  testing  and 
deliveries  without  further  schedule  delays ,  and  thus  provide 
sufficient  lead  time  to  accomplish  the  incorporation  of  Type  347 
corrosion  resistant  stainless  steel  end  fitting  for  subseqnent 
production  follow-on. 

BLOCK  25  PRODUCTION  EFFECTIVITY  BY  SERIAL  NO. 

F1Q7-WR-L01  S/N  E000321  thru  E000342 

F107-WR-102  S/N  E000101  thru  E000122 

F107-WR-400  S/N  E000701  thru  E000758 
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From:  Contracting  Officer,  Joint  Cruise  Missiles  Project 

To:  Williams  Research  Corporation,  Walled  Lake,  MI  48088 

'/la:  DCASO,  Williams  Research  Corporation,  Walled  Lake,  MI  48088 

Subj:  Contract  N00019-78-C-0206,  F107  Engine,  Deviation  -  001  and  -002, 
PCOL-E-78-138 


1.  Subject  deviations  have  been 'reviewed  and  are  approved  contingent  upon 
WRC's  acceptance  of  the  cost/price  which  is  "to  be  negotiated”  at  not 
greater  than  zero  cost  to  the  Government. 
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WPAFB  (ASD/TZ107) 
Local  WRC  Rep 
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Allow  parts  to  be  fabricated  to  casting  print  requirements,  except 
use  (347  SST) ,  03-221  (Plate,  Sheet  &  Strip)  or  C03-222  (Bars,  Wire), 
in  lieu  of  configured  casting,  (.347  SST)  03-241  (Investment  Casting) 


'4  a; 


XF107— WR— 400 
XF107-WR-102 
XF107-WR-101 


‘4c ; 


BGM-109 

AGM-109 

AGM-86B 


7*  TT  1  aft-ifu  as  I  /t» 


Lead  time  for  investment  castings  will  not  support  initial  pyrotechnic 
development  schedule  requirements. 


n  rntTuTw  #▼  «»»**.  mssn  - 

XF107-WR-400  (S/N  326  -  3341,  XF107-WR-102  (S/N  200  S  201),  XF107-WR-101 


.  r?^, 


n  4>P»QV«l>  3 


It**"' 


>  'L,  sr 


'  400  6 

7  '  /"  * 


□ 


Mcowmoco 


□ 


•■••••■OVID 


(S/N 

401 
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MOUCSr  Mi  OCV I  AT  I  OR/ Ml  VCR 
<ut  *u.'Sn-»4$  o*  Ht  n»  /wmocnoM) 


HOMtD 

2Novemb«r  1979 


activity  no. 


i  OM'fliNArOR  JUM  MO  *00«H 

William*  Research  Corporation 

2280  W.  Maple  Rd. ,  Walled  Lake,  MI  43083 


IHPl 


See  Attac 


*■  -M  COOC 
i  24235 

THMocnac  i'  mi 

1 1 

Spark  Ignitor  Trace abilit 


Turbofan  Engine 


•  «  o*  **•'  «e  iMI*  *• 

Engine  Asaembl 


■d*l!  lLil-OXI^*  IMIUC-iA 


N/A 


II  tot  »o. 

N/A 


No  Effect 


ii.  OCtCRiRTlQM  Of  04 VI ATIOW/VAivtll 


Allow  use  of  serialized,  nontraceable  ignitors  in  engines  remaining  under 
the  FSD  Program. 


The  vendor,  Champion  Spark  Plug  Co.,  has  notified  williams  Research  that 
they  will  not  provide  traceability  for  their  igniters.  The  vendor  states 
that  it  would  be  difficult  to  undertake  a  traceability  system  for  just 
on*  igniter  type  and  that  their  present  inspection  system  combined  with 
the  testing  required  by  the  WRC  igniter  procurement  specification  is 
sufficient  to  supply  a  quality  product. 


See  Attachment  A 
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ATTACHMENT  A 

D-051 

BLOCK  24: _ PRODUCTION 

4a/4c/10/16 

MOB.SWIYPS 

SYS  SESXg  EMG  P/N 

CLIN 

ENG 

-sza  „ 

XF107— WR-101 

AGM-86B 

1022951-106 

0002AA 

325 

XF107-WR-101 

AGM-86B 

1022951-109 

0002AA 

1, 

(TBD) 

XF107-WR-101 

AGM-86B 

1022951-110 

0006AK 

326 

XF107-WR- 101 

AGM-86B 

1022951-111 

000 2AA 

400 

-  402 

XF107-WR-101 

AGM-36B 

1022951-115 

0012AA 

326 

XF107-WR-102 

AGM-109 

1023700-102 

0002AA 

105 

XF107-WR-102 

AGM-109 

1023700-108 

0002AA 

1, 

(TBD) 

XF107-WR-102 

AGM-109 

1023700-109 

0002AA 

200 

-  202 

YF107-WR-102 

AGM-109 

1023700-111 

000  2AN 

122 

1 

XF107-WR-400 

BGM-109 

1029110-107 

0012AA 

706 

XF107-WR-400 

BGM-109 

1029110-100 

0002AJ 

815 

XF107-WR-400 

BGM-109 

1029110-106 

0002AA 

1, 

(TBD) 

XF107-WR-400 

BGM-109 

1029110-108 

0002AA 

826 

-  829 

XF107-WR-400 

BGM-109 

1029110-111 

0012AA 

706 

YF107-WR-400 

BGM-109 

1029110-100 

000 2AC 

314 

YF107-WR-400 

BGM-109 

1029110-101 

000 2AC 

722 

YF107-WR-400 

BGM-109 

1029110-109 

0002AC 

723 

-  756 

YF107-WR-400 

BGM-109 

1029110-110 

0002AC 

816 

-  822 

C-7 
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REQUEST  W»  OCVIATION/VAIVM  *•«►»•» 

<»/  tiL-sn-ut  m  m  re*  irsnucTimji 

10  November  1978 

T«OCU«IMO  ACTIVE  TV  MO. 

•  3«iGI,uro*  MO  tOOHH 

Williams  Research  Corporation 

2280  W.  Maple  Rd.,  Walled  LaJce,  Ml 

48088 

1  rioCVIATI»  p«*lvC* 

fx]  MAJOR  {  j  cm  ft  CM. 

iiMMli 

1 

1 

9  SPCC l f ■ CAT  1 ONS  AfrCCT£0-TCST 

. . . d 

•**.  COO€  |  SMC./OQC.  MO. 

22 

•u«» 

E3H 

MOO.  MO. 

■  ■ 

HI 

hhhhhh 

— 

■1  ■■■  ■ 

■■ 

■HiH 

IH  H 

■HHi 

HU 

r  '’hi  31  5lw7CTT3R75Zr5n 

Waive  Bearing  Traceability  Requirements 

NO 

CL 

UtlVCM:POr^ 

See  Attachment  A 

mnnaniT 

T|.  «  MO. 

N/A 

uOK 

'1  -Ml  Of  *44*  am  V«1I  ninei  rfMCTa  •«.  n«  a*.  «  rtmt  MUi 

Bearing  * 

IT.  LOT  nQ. 

N/A 

eef 

n  i»im  on  cofT/Micc 

To  be  negotiated 

n.  rmr  w.  tfimm  pmr  rsrtirgr 

rrT?TRns 

None 

fill  i  v{Av  & 

ixibuLl - 

Nona 

n  0(SC»'»T'Q*  Of  OCVi  Af  VCR 


Allow  uaa  of  bearing  listed  on  Attachment  A.  These  bearings  are 
serialized,  but  do  not  have  full  traceability. 


*See  Attachment  A 


24  WHO  *0*  Of  VI  AnOM/WAtVC* 


The  bearings  were  purchased  with  no  traceability  requirements.  Sub¬ 
sequently,  the  Government  directed  WRC  to  provide  fully  traceable 
bearing,  a  requirement  which  can  not  be  met  with  current  engine  test 
and  delivery  schedules.  All  bearings  purchased  after  this  lot  of 
bearings  shall  have  full  traceability  or,  at  the  Governments  request, 
this  requirement  would  be  dropped. 


& 


t 


C-  8 
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10  November  1978 
WRC  Waiver  W-036 
ATTACHMENT  A 

Blocks  3,  16  J.  ISrEARINGS  at  ^  (RECEIVING  INSPECTION) 
OR  DUE  TO  BE  RECEIVED 


■xa i 

Data 

Vendor 

PO 

Amt 

Data  Rac'd 

Chq  ] 

27099 

3/29/77 

MRC 

91813 

263 

9/5 

A 

27099 

3/10/78 

MRC 

99864 

68 

8/21 

A 

27099 

11/11/77 

MRC 

97022 

77 

3/17 

A 

290S6 

11/21/77 

BARDEN 

97039 

99 

7/20 

NC 

290S6 

11/21/77 

BARDEN 

97040 

10 

7/26 

NC 

19301 

4/13/77 

MRC 

91849 

44 

4/5/78 

B 

19301 

10/4/77 

MRC 

•  96302 

288 

3/21/78 

B 

19301 

11/12/77 

MRC 

97023 

65 

B 

22988 

11/12/77 

MRC 

97024 

78 

7/11 

NC 

23372 

12/11/77 

FAFNIR 

97095 

20 

9/6 

NC 

290S6 

11/21/77 

BARDEN 

97039 

99 

7/20/78 

290S6 

11/21/77 

BARDEN 

97040 

35 

8/18/78 

27100 

1/21/77 

MRC 

39108 

7 

7/20/78 

27066 

3/17/78 

BARDEN 

99892 

9 

6/12/78 

29477 

10/14/77 

BARDEN 

99332 

70 

5/24/78 

29477 

10/26/77 

BARDEN 

96377 

10 

7/25/78 

29651 

2/13/78 

BARDEN 

98565 

52 

8/25/78 

29652 

10/22/77 

BARDEN 

96359 

75 

6/15/78 

29845 

12/12/77 

BARDEN 

97083 

25 

8/31/78 

27099 

6/15/76 

MRC 

83310 

3 

8/31/78 

27099 

MRC 

89107 

4 

8/31/78 

27099 

11/11/77 

MRC 

97022 

33 

8/31/78 

27100 

11/11/77 

MRC 

97021 

75 

8/31/78 

22098 

9/19/77 

SPLIT  BB 

94280 

65 

8/21/78 

22098 

3/25/77 

SPLIT  BB 

91813 

5 

8/21/78 

23383 

2/6/78 

SPLIT  BB 

98626 

25 

9/1/78 

22988 

11/12/77 

MRC 

97024 

13 

22098 

11/17/77 

SPLIT  BB 

97030 

25 

23371 

1/23/78 

FAFNIR 

98578 

20 

23410 

1/25/78 

NEW  HAMPSHIRE  98610 

50 

29843 

2/1/78 

NEW  HAMPSHIRE  98611 

20 

BLOCK 

A:  XF107- 

WR-400 

BLOCK  ( 

Z :  BGM-109 

YF107-WR-400  AGM-86A 

XF107-WR-101  AGM-109 

TF107-WR-101 

XF107-WR-102 

TF107-WR-102 


WRC  Spec 

P-7420 

P-7420 

P-7420 

P-7410 

P-7410 

P-7410 

P-7410 

P-7410 

P-7410 

P-7420 

P-7410 

P-7410 

P-7420 

P-7420 

P-7420 

P-7420 

P-7410 

P-7410 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7420 

P-7410 

P-7420 

P-7410 

P-7420 

P-7420 
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tCQUttT  fo»  ocvi*Tio«/w*iyea 
<Ht  oh  hi  /w»  tysrwcrioM, 


9*TC  MVMCO 


imocuft'MO  activity  no 


i  oiiQMMrdi  **m«  mo  aoomss 

Williams  Research  Corporation 
2280  W.  Map la  Rd*,  Walled  Lake,  MX 


J2^Januar^^£79 


48088 


4.  PCS  I  GNAT  low  ro*  OCV I *T I QN/WA I VEW 


a.  M0CCL'*Y»t 


k.  af»  COM 

24235 


C.  SYS.  OC9I6- 


7  5^tC  1  £  l  CAT  i  QMS  Af  f  CCTEO  «  TEST  HAN 


4.  NTIMIKI  W 


f.  ftfT  1** 


IMC./OOC.  M 0. 


N/A 


S  SAM  UNC  t/MCUD 

□niNC-  I — l*u.o. 

TIQHAC  l  XkATCD 


ILL: 


5- 


’□  MINOS  a  MAJO*  □  CSITICm. 


□I 


OTMC*  SYSTOrt/CONr IGU- 

SAriON  I t®*  asrccTco 


□y«»  3" 


»  oa. WINGS  tfteCTED 


N/A 


Waive  Bearing  Traceability  Requirements 


n  wTOTTrmB  rmranrecsTO - 

See  Attachment  A 

1 _ 

l*.  CO  NO. 

N/A 

II  MMC»  «0. 

N/A 

14.  0CFCCT  CLASSIFICATION 

Qninoo  PHna^s  Q cm  tic*. 

IT.  LOT  NO. 

N/A 

mm 

11  m.\ 'ITT."1  '\TTKl  1  ■ 1 ’I'TTTTTT-W^ 

IlSHHHpISni 

16  unn  «  rstfTwwizt 

None 

li  iarignTHf  tMiifig  uwirrgTnrjnTt. 

i».  ifwicr  oi 

None 

N  0CL  1  VMV  U 

M0UL( 

None 


n.  KKiima  or  o(«irnowMt«u 

Allow  use  of  bearing  listed  on  Attachment  A.  These  bearings  are 
serialized,  but  do  not  have  full  traceability. 


See  Attachment  A 


See  Attachment  A 
Ref:  WRC-W-036 


1.  w!6  ro*  OCVi.riOM/o.ivci 


The  bearings  were  purchased  with  no  traceability  requirements .  Sub¬ 
sequently,  the  Government  directed  WRC  to  provide  fully  traceable 
bearing,  a  requirement  which  can  not  be  met  with  current  engine  test 
and  delivery  schedules.  All  bearings  purchased  after  this  lot  of 
bearings  shall  have  full  traceability  or,  at  the  Governments  request, 
this  requirement  would  be  dropped. 


a  *«OOvc:  '»*  tinc'v-  %r  “ 

FSD  Engines  as  allocated  to  stock  depletion. 


/  17  ARMOVAI./ 

nr 

23  1ANOVM.  MCOMCNOCU^^' 

Ifl 

a 

SB  wamij* 

^O^AA#«OYC0 

*.  3S^EEH^  A^f.vIfV  ~  J  m  ' 1 

0O*S-  <*s  XC-  *-/z«, J7f 

fe 

1st 

miasm 

/  OATC  ” 
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ATTACHMENT  A 
W-042 

BLOCK  23:  DESCRIPTION  OF  DEVIATION/WAIVER 

Waiver  036  was  approved  17  November  1978  permitting  the  use  of 
bearings  which  were  serialized  but  did  not  have  full  traceability. 
At  the  time  of  submittal,  we  thought  we  had  accounted  for  all 
contingencies.  However,  we  have  located  5  lots  in  MRB  and  have 
been  informed  by  one  of  our  vendors  that  they  have  2  lots  for 
delivery  made  from  parts  overrun  of  a  previously  delivered  order. 
The  particulars  are  as  follows: 


A.  BEARINGS  ROUTED  TO  MRB 

P/N 

VENDOR 

P.0. 

AMT 

DATE  REC’D 

WRC  SPEC 

27100 

MRC 

73112 

22 

8/26/77 

P-7420 

27100* 

MRC 

39108 

7 

8/12/78 

P-7420 

27100* 

MRC 

89108 

3 

9/7/78 

P-7420 

27099* 

MRC 

83310 

73112 

114 

8/26/77 

P-7420 

27099* 

MRC 

83310 

48 

8/26/77 

P-7420 

27099 

MRC 

99864 

S8 

8/21/78 

P-7420 

27099 

MRC 

99864 

47 

P-7420 

3 .  BEARINGS  FROM 

OVERRUN 

PARTS 

P/N 

DATE 

VENDOR 

P.O. 

AMT 

DATE  REC'D 

CHG  LTR 

WRC  SPEC 

27075 

5/2/78 

Barden 

101847 

20 

— 

C 

P-7420 

27066 

5/2/78 

Barden 

101343 

11 

— 

C 

P-7420 

*  These  bearings  not  serialized  will  be  returned  to  vendor  for 
serialization. 


BLOCK  10 :  CONTRACT  NO.  AND  LINE  ITEM 


N00019-78-C-0206 


CLIN  0002AA 
0002AB 
000  2 AC 
0002AD 


CLIN  0002AE 
0002AH 
0002AK 
0002AL 


CLIN  0002AM 
0002AN 
0002AR 


Williams  Research  Corporation 

CMEP  95-4120 

Report  No.  79-106-39 

•fount  ros  ocvurioa/Mivta 
iai  ct  m  xm  ixtmenaai 

9«rc  PRCf/mtp 

POOCUO'NO  ACTIVITY  NO. 

5  July  1979 

i  Miai9»<M  M  aoMtSI 

Williams  Research  Corporation 

2280  W.  Maple  Rd. ,  Walled  Lake,  MI  48088 


a.  UOO«l/TV»t  a.  COM 

See  81k  23  24235 


N00019— 78-C-0206 


Turbofan  Engine 


Oil  Cooler 


None 


N/A  18 


183 


23.  OCfCftlPTt  QM  Of  OKVI AT  lOH^OAl VC* 

Allow  use  of  P/N  23748  oil  coolers  listed  on  Attachment  A.  Th 
oil  coolers  are  serialized,  but  do  not  offer  full  traceability 


(see  Attachment  A) 


(Ref:  IRR  180786) 


(3ee  Attachment  A) 


msB 


in i 
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ATTACHMENT  A 
W-090C1 

BLOCK  23:  DESCRIPTION  (continued) 


S/M  TTS791297H 
TT5791900H 
TT5791290H 
TT5791287H 
TT5791901H 
TT5791296H 
TT5791294H 
TT5791904H 
TT5791902H 


TT5791292H 

TT5791286H 

TT5791291H 

TT5791293H 

TT5791905H 

TT5791289H 

TT5791903H 

TT5791288H 

TT5791295H 


MODEL  NO. 


SYSTEMS  DESIGN 


CLIN 


XF107-WR-102 
YF107-WR-102 
XF107-WR-400 
YF107-WR— 400 


AGM-109 

AGM-109 

BGM-IQ9 

BGM-109 


0002AA 
0002AN ,  AR 
0002AA 
0002AC 


BLOCK  24:  NEED  FOR  DEVIATION/WAIVER 


As  a  result  of  a  change  in  the  manufacturing  source,  traceability 
on  the  units  identified  above,  was  not  maintained.  These  units 
were  in  the  process  of  fabrication  when  Waiver-082*  was  submitted. 
At  that  time,  unit  S/N's  were  not  available,  therefore,  it  was 
not  possible  to  include  the  above  18  units  with  W-082*. 

Midland-Ross/Janitrol ,  the  new  supplier,  has  implemented  corrective 
action  for  units  which  will  be  manufactured  completely  by  them  in 
the  future. 


*  (W-082  traceability  of  oil  coolers) 


C-13/C-14  Blank 


HI  VVHttam  RMMtch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


APPENDIX  D 
VIBRATION  TEST  DATA 


This  appendix  is  a  graphic  presentation  of  data  observed  during  the 
environmental  vibration  testing  related  to  Engine  828/builds  4  and 
6  at  Bendix  Aerospace  Systems  Division  -  Ann  Arbor,  Michigan.  Two 
types  of  curves  are  presented.  One  type  is  the  sinusoidal  vibra¬ 
tion  sweeps  performed  to  identify  the  resonant  frequencies  to  be 
used  for  the  30-minute  constant  level  vibration  inputs  required 
along  the  lateral  and  vertical  axes  of  the  F107-WR-400  engine.  The 
second  type  of  plot  shown  represents  the  power  spectral  density 
(PSD)  curves  obtained  during  the  30-minute  random  frequency  vibra¬ 
tion  inputs  along  the  three  major  engine  axes. 

The  material  presented  herein  is  divided  into  four  sections.  The 
first  section  contains  the  specification  power  spectral  density 
(PSD)  curve  for  the  F107-WR-400  engine.  This  specification  curve 
may  be  used  in  evaluating  the  PSD  curves  representing  the  random 
frequency  vibration  testing  completed  on  Engine  828.  No  specifi¬ 
cation  curve  exists  in  reference  to  the  sinusoidal  vibration  sweeps 
as  these  surveys  were  run  primarily  to  identify  test  points  for  the 
30-minute  constant  input  level  vibration  tests. 

The  second  section  presents  a  chronology  of  events  and  the  vibra¬ 
tion  curves  obtained  during  the  initial  vibration  test  series,  run 
on  4  January  1980. 

The  third  section  presents  a  chronology  of  events  and  data  obtained 
during  the  second  complete  vibration  test  series  performed  with 
Engine  828.  This  second  series  was  run  subsequent  to  discovery  of 
the  fact  that  the  first  test  series  had  inadvertently  been  per¬ 
formed  without  an  airframe  generator  installed  on  the  engine.  It 
is  required  that  all  accessories  and  components  be  installed  on 
qualification  vibration  test  engines.  This  test  series  was  per¬ 
formed  on  14  January  1980. 

The  fourth  section  is  a  presentation  of  events  and  data  curves 
obtained  during  the  vibration  testing  of  fuel  control  unit  S/N 
1443454  (installed  on  F107-WR-400  Engine  704  as  a  test  vehicle). 
This  fuel  control  unit  was  subsequently  shipped  to  AEDC  to  replace 
the  fuel  control  unit  which  had  failed  on  Engine  828  during  the  hot 
day  mission  simulation  cycle.  The  S/N  1443454  unit  was  subjected 
to  the  complete  environmental  vibration  test  requirement  while  at 
Bendix  Aerospace. 


D-l 
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SECTION  I 


SPECIFICATION  POWER  SPECTRAL  DENSITY  CURVE 
FOR  THE  F107-WR-400  ENGINE 


PSD  (G2/H2) 
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SECTION  II 


A  chronicle  of  events  and  the  vibration  test  curves  obtained  during 
the  initial  vibration  test  series,  which  was  conducted  on  4  January 
1980. 
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TEST  SEQUENCE 


J  Q. 
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TR 

FIGURE  2 


VIBRATION  LEVELS  -XXPVT 


Taat  Itam:  / 

Teat  Date: 

it*' 


C~ ■  LuVt 


Serial  Number: 
Input  Axi  a: 


PZf 


_ _ _ aaae*»S»S»aaa*a»»»e»»Jiaaea»»MMHw»i— i 

»**»*«<  aaa*»«i»— aaaeeeeaaawinm  ■ae»ta»«miwwn 
aaaiMiHHMwaaaaiMMiiiMi  aaaai«a>f*aaaaaaiaMWiHinaa*iaatiNiiiiiaai 
■  •  ■  IH  MMI  tMMIMMIMN  ItWI  MatM  ••  ■BbRMMMMWIMWI  IHNUNIIMI H I 

lauiHuiiMii  inMMiii«amiHMMaaiM«HMiiiimBNi)|i|ii|niiBai 

- . IWWWIWtlHlMIBIBMBWBWMMHWmWUlWfpwiwiMI 


wiitoiaatiMW* 
HUtuae 
IIHtMia 


IIIHHtni 


■Mae  apea 

>a*««  Sa 

■•■*•  mm 

■  ■•MM 

■  ■HIM 


laeenlitifl 

■  •aaaaaaaittaitil 

■  •■(HIIIMHIlil 


!aaaeieM)mi''mieeea>MHinii'iaae»M>i  BaaaaaaniiHttiS! 
laaaaaeiiiiaNMiu  ataaar  - -  - - - 


iHniiiiiiaaeeMiiaaaaa*awimi»ill>iaae*a|>Hmniaaa»M|l  aaaeaeeeM 
iaiaaiiniuaaaan«aaMaa**iaiiUHiUHaaitiiaiHi«NiBaa»iNMaaaa*aa*t 

eunniMiaaeaa  aitaaaaeaeaa umimHae aaeaae  n  aani  am  at  n  a  a  aaaaaeeaea 


wteHlituHaaaa  aaaa  aaaaaaei 


naaaaiai 
iiaaaiHi 
■iiiMUBBiaa* 
llllllUIIMII 


■  ■■■••••MMinmHlMlianoiiniaBaaetaiaaaeaMaaaaiHiiiniHMiiHmMBlHi 

iiiaeeeaeniiiiiiiiiiiammiiriiHfanirriaaaa*»rialMliHtlhfnmr*~1iriiir - ***t~  ■ 

. . .  aaaaaaat  ■aaaai*aaawt«mniaanaaaMiniM  aa  aaaa  a  a  ■ 

■  aaaaaaan  iiiinimaBMiiHiiiNiiaa  aaai  ai  ■MNaaaMiHuiNHtaaaaiiMNmii  aaaaaaai  ■ 

■aaaaifiBimiimnntuuNiiiiiiaaHliiiHaaaaMaiHiiMHiHaiuilliiiHiiiaaaMliaa 

■  ■■■•aaaiiiiiiiiiMiaaaaaiaiiimiiaaaaBBaiMBaiaaaaMaaiiiiiHuaBMBiBiimiii  ■■■■•■(■■ 

MMaaaRaaailllllllllBHIIIIIIMIIiaBBBIlllSBBRMNtMIIMHIIIBMIllllllllllIRRMMlia 


ImiiBBaiiiiiaaaaaaiiaiiiiiiiimBaifiMiiimiiBafliMiiB 


UaeeeeMiiiiiumeeaMMiMiMHaaeBiNla 

keeeeeiaiiiiHlinaaiiiMin illn  *#«»•«•«■ 
^Bia— anaHmiwMHaMiaaiiliiiBBiiaa  ■>■ 
KNaaaMmaiMMiiMiaaniiMiiimiBaaaaitia 
i  *  a  BBaaataaiiuii  a  tail  aai  u  Uiti  aaiau  aa  a 


||Baaai>iiiii;HMaiaiiiaiiiu;iiBBBaaiM  4 

aaaaaaeeilwwlw  »»««« »—»>{»») aa a» aa a*  a 
■•••eaetiietMlMiaeeetttamieaoaeeeti  a 
aaaaaaaatitiamneaaataanwinaaaaaMa  a 
—■aaww»wmti»a»aaa*«wnii>aaaaaaaaa 
iHHiNHiuiiitiiiiiuiiiiiiuaiiiai  m 
HHiaiiNliiiiHiaiiMNiiiiiaaaMiiia 
HiHiiiiiiiaBaaitMttiiuiBaaaaaaa  ■ 


•aaeNaMiiuMMiil 
■  ■aaaeeeiHinniH  B 
■a**ae»itinitmii| 

■■••■•aaMtiHinul 
■•■a  mbbi  imiii  in  ■ 
BaaBaaaaimMitnil 
aaHaaaaiuimiMil 


MttMioanl 

■minmimnI 

iMimniiml 

iiattimiMil 


itniniiMiBeeM  nihiHii  ■ 


.  . . . .  wa 


—eiieaC a»SC »et»» »■«»»?»»»■  i&iim  wi 

zz^zzzmzzzzzzzzzv.tiiv.zzzzud^', 


^:n:u====3S::; 


I;::: 

llilll 

|:ik: 

■hid 


uaeniaii 

nainatu 


•*»»■•••*»•«  IllHiMieiMi 
aa*ei(iiaMB***wi  MitiMamiin 
aa  aa  aa  el  —Bae— a*mmiinu*f 
aa  aa  *a  Maaa  aaaaaaaiNMm  aaaM 

•■■aaaaaaaaMBaaaaaaaaMiiMtBBvaii _ 

■  aaaaiiiaHHaaaB»«iiimiiiiiaaaaat«MlHH(M»BBBM 


aSaaaeetaliwtltSaaemiiMwwaaaa  aaa»aaapaaa*ae»aewaCw 
aaaaa  a  eutnrnieaMi  ••kijini  mmmmmmmm  ■aaaaaaaMWtaaai 
aaaaatiHHMWi  iaaia  aaaa*  *****  aa  ■afcaaa  ■■aaaiiew  a  mtlwa 
ajaaaaHWiiiiiiMainawtwtwaaaa— waaaaaaaaaaiaiMttin 
wawm«NwwiaaatiiNNiiiMBaat|ayai»a»f«uwiHiH 


■■•MiHiumiMHiliifiiiiliaaaaMl 

■■■■■■■■MMMIliiiRiinMMHiMiiN  HiMtiHaMaataBHiiiiiiMMliiBl 
BaaaBaaiaiMBaaaMaiiaHiiiMaaiaMMiimMaBBBMMBNBaaBaaiumiiMBBBnHimimMBBfiBui 
BBBB»anwBaa»B»mmii»MtaMHMW»m— bb— n»— RBBBumwmjmtitiinwiiiiiMMiiB 


■ilaaaaa 


WMaWIIIM 


SSiiiga 


ii  ■■  aa  uiiaMaa  aaaaaiMi 


Hum 

IIIWII 


HiauiiutiatH 


IBMtVt  ttlUBMB  01 


IIHB 

vM* 


leeaeiHHMi  a 


HHIuBefltai 

HNHMaaaiiai 


n::tns«r| 

■BaaaaBBBBaaaaBaaHHBeMeiiniMai 

*****  wiiaaaeiN aa  aaaa  aaaae*atw>M»H 

•H(iinitMaiMNaa4a*eei*aMfii^ 


■  llilll 
I  III  II  I 
llllM« 


■  .  .  . . . 

— j  -  j  3SiII»»SS3aJaaI**lt5JS25SS5eeI^!*IliS2>SS55a«£ 

IHIIIMIIIIIIIHIHBBBIMIIIIBWMMMMSMIIH|IMIMliMHK(K3M|IIIH||||| 

■  (■••••■■■■■•■■•aieiHian  ■e*Mii»iriiiiaaeaaetaa«aa«ee*tiiMNiMHieaMaainimiBa 

a  . .  eeaa»rt>l»»Hnaaaaee«f  aaaa»<e*i»l»nniiaaaMi»a(aB— 

■•■••••  aaaaeeiiMmiiHilieaaiitHWtiuiaa  aaeeu  — aaaaaeallamllMtaptWMi 

e  aaaa  at  a.aaaaaa  a  aa  aa  *M  I*  lit  aaa  •  r*M*l  IMH  aa  a  aMNaaaaallll  (Ml  I  HIM  Mfllll  I 
aiiiMaaaaa*aiiiNiiHiina«(iiHii|iuiiaaniii|aaaaaaun4iniilH|bMnil^^H 
BBaaaiw»««BBBaaa»inmuiBBBataamatiiiBaBBBiaaiai»BNaiat>aiWwmtiBlBBa>aMmm¥i— 
aaBiiiwaaamtnMiiiUBBiMHHtii»ii«BBBBaBiw«»RBB»aHfllM»wi»WM»»HMli  ■■*■■■»( 
BBaaiawaaBBaaiHiiiniif  ■umiinntBaaB—H— piaBtt<yp«iW)BBf»»MM8fc— ■ 


Fr«qu*ncy  -  Hz 


440-8  A 


Acceleration  •  g  peek 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


T» 

ricuae  3 


VIBRATION  LEVELS 


Test  Item:  £A/£..-a*£ 

Test  Date: 

/-  r*  P'-'1 


Serial  Number: 
Input  Axis: 
Response  Axis: 


V£*r  tsL. 

7K I  /fX/44.  l*C££.^- 


440-8  A 


sen  Z 


D-9 


yv»d  S  -  aoptn;»3y 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79 


TR 

figure  f 


Teat  Item:  Saj 

Test  Data: 

/-  V  -  fa 


100 


VIBRATION  LEVELS  -  JPKP07 

F~,  '  7  -.</  'f  4-crV 


Serial  Number:  P2? 

ir*c»ut  Axis: 
i^-e^urrge  A-x:  3'. 


V**r. 

t- 


Frequency  -  Hz 


Williams  Research  Corporation 

CMEP  95-4120 

Report  No.  79-106-39 

TR 

Bmndtx^ 

ficuee  j" 

W0 

Afwpact  SvWw  Ooartmr* 

VltlATION  LEVELS 

Teet  Item:  jt/AS 

s-*'  A-  ^tjT’  Serial  Number:  1 

Teet  Date: 

.  fa  Inout  Axla;  '/££-T-t*  L  -  ■ 

'  "  *“  Response  Axis: 

Lnua 

m»«h  Hm  hwi— — m 

IHMMWIMMHHHI 


m— m— wwi«»«»timM8inM*niwiiiHi— twMi— aMMin 


P— — I— W— >MMH«MIUWM»M»miUIII»«mMt  m 
|lllim«mn«— MtHHHIlWIIMIHIBWWUllWIMlMMIIIMimHHUWMWHHWmWMHH  ■ 


||IIIIMNIIIIL__.  _ zz-  y. _ _  _______  ...  .  ^  _ _ _  _ _ _ 

<«»«*■  £!■■■■■>»  SjeaSeaSMaSSee  a  a  see  »>M  !■■■«!#»•»«  SttalSS 

■  MMHWiimw  mmm  *tmn  »««■■  ■■■■■■■  as  w— ■«■»!  milH  «»»»■■  aeeaat  Inin— MM«|  mbw 
■»»n>m inmHMnfiiiM»MMmw— ««  miiiwii  hummiiiiiiiiiimwmIIw i 

■  MM*  It  Ml  •nil(MMINIia*illllallMIMMIUMNII|IHU*WHMIIlllBIIMiaHBIMai 

I-.:..  —  _  -«••*«  £SZ"*aa*SSS<MSS»«aa5w«"fc*w  mSmiZZmimSmiHt  SiS*5aa? 

l'!,M”2a***aaa*><aal<>a*Bfta  mm im *■■■«■«« a g»>*a 

•■■•••aaaa  a  aaaai  aaiMiaaMaaaaaaaaai  laaaaaaMaa  a  ■  aa»a  aaaaaaaaaaaiann  aa  •  e  e  a  aaa»  aaiiM  *■  m  m  a  a  a  aaaaa 

•  ••  aaaaaiBaaaaaaaaaaaniaiiM MaanwaiiHn aan«ttNaMHMIiHiiiMii ■  eesea  aai  ti ■■■•■aai  mmbi 

inaOaaaMaaa—  aaian  imiimh— atnn»iunaa  a»f  m  — l  ■■MiimimUHlMWl  iMMlim— »■■■■■  aaaai 

Saaa*NMIIIIMWNIHMHHMNlmanMNMMaMMIIHIIMNIMWIIHIIUWWn«INUaM 

—aiaaMw«nwinnaaaam — «  mnaaanMufa  aiMMiaiii  iiim»»»Mhiw  MW  — m»i«  — — >— 
|miiiw»»h«— ■— waiHWHHiaawiiHHniww— naiMaMHUHUHinimHiamMMi— »aiaiaB— i 
|lllH»«  •••■■«■— ■|MHIHWIWH»MIIHHHIHMMMlwiwHMHHHIHlHI>WmHHUH»M»«  ■■■■!■■ 
l)HIIBBH»MI»BWWIIHimim»MMM»lllimHMW|l—i1H»IHHIIHHiWMmmillll  MIIIHH— I 

iHfiiiiaiiifiBiMiiiiiKmmiHNiHfiKiNwaiHiaHNiiiiiiaiiinfiiwiHHiuiinuiHHiiiiuiii 

|  UllIBB  III!  MggWl  Mill  WiMIIIWIWy  MMINIMtMMMM  >1 1  >  ItgllM 

'll»»aaaaw5w»aaaaaaMMilwwaaaa«»M«<ii»w—— ■§wS55555S>W«MW»!iMa— »»M«a»W«W— -MMia— i 

mam  umaaaaaaawmwiwwiaaaiiiatMitMiaaaaMw— MwuMWUMHHWMaMWMiHiaaaaaww  mmmtm* 
i»*  ■•••■an  MMUiaiiiiNH  MaHaaMHiNiiHiMaiMuMWHBiHNiamiN  ■■miiw  mhmhimimui 
HtMMMMII»WI|ll**MMW||— WMWIHIUmllHMIlimiWWfMIIM— I 


•HaniMMiMil 

aiNNItIMItwl 


aaaaataaaaanail 

WMUIIIIIIHIll 

■■•■••MnuiHl 

aaaiiiMHUHil 
■  ■■■■IttHIIIII  I 
>■■■■•  Mill  Mill  ■ 
ItSIlHMIltMIll 
MMIIIIIIIIIIll 


Riiimnhmmi 

III  ■■MUM  MSB 


a»a  aaaaaaa.1  aaaajaan 


■  iliuaaaaaaaia 


jUKSSTtt; 


In::;: 


aaaaaaa—  mm ■■■aniwiHwaaaw sees  iw  .  <  '■  ■!'!  a.  la ■aaaaaaaaa  —  se«ttfl»«W— aaaaat  »ese»  Maaiiaalai 
aaaaaaawt  aaOai aa aaaaa iaa h aaaaa  'i»ia  *  ianM  .  aa»»aaaaa>Ma«Hi3l»>aa»ni»»iiM»waSaiiar 
■  aacaalai  ■■■>■»■  imnmiw  aw  <n.  , '  i  i  a^i  i  »■— »5waa»Hmni*waaiwwnitii»i— Sill 
a  '  ■  •  tat  I, ■■  waaaainimiiiiaa— Igy —  - 


■■baatiiii* 
liiytsa ■■■■■■  i . 
Iiinmaaaaiu  a 
Imtiaiaaacii* 


M  .  •  Itfla  IVIl  k  lillHI  ItHMNI 
nbammiMiHiiM  luaiiinMnniii 
■■MfMMIUIIIflMMINUnilimMiaMlII 

■Ma  aaaaa  iiiiihm  Baativtitt  uim  ■■■aiftiii 

iaaaiMUMNIIIHiaiMI||MMMMM|B 


■Hmunmiummi 

nmiitHiaaaaiiiiaMiii|fliaHiiiiSfiM|aa||Md 

PHHHHiiMinimiuaiiiHHMMiHIRI 

^^^^^^^^WaaaatwtHiMliiaaSHiSmaSSaBaSwSSSBiaMSMiiiiniMaaatM^^^B 

:^:sss:^;iss^^:nuun^nuss^ssu^Kssasan:«;aftir,ag:aJ 

— — MiMMMiMwiwmawiwiwiwiaM «atw — mmm  — numwifHgffil 

IssiHiau-uaH^aac-sgsHHsssSsaaasM 


v  :±r  tr:;:!. 


1 1  ii  ii  ■•■■■■•■• 

liillififill 


a 


|ninaaa»Hi 

IliiUBaaifit 

■  •■Hlaaanai 


jjZj^rsasjifirSKSSsS-sraS::' 

J|aaa»aiamwtaaa  aaaaaa  i 


•  •  «•  «  •  *•  *  •  **t  » •  *****  •  ar**«  a  a*M  i  »e«  m  m  mm  *4m  4 


II5i!»S5Sa5^i^|tt28aMSiKI*{i|HSaaaM»}5S55aaaaa»iyiww{| 

«a  ggg»»»ggyaaaa>aygijg«aai^iaa*»»*«j  w»w»R»»i*g»jwy««l»»aaiafB»?s»t« 


IgBgBggfeiiM 


Isglll 


■l•llla••aa«•fa>{ 

IniiiaaaiaMiai 

■  lull  •■■•■«  •■■ki 

Inuiaaaaaiif  «i 

liiMiaaiiaaiiai 


■■■"■tiM  iMM*n!l«a»*3»«iiunim3-»»*|t3 

f»aa»«a«i»iMtaiii  a»a  aiiii aaaaat*  ■■«!•>»■ 

t— a»aSiMntiiiiaaa»iHiiiimi««»aaaa|j 


. . . 

■■■  I  IN  •  iiHt  If  m  •*■■•  NiwiliiMiHiHianimiliiS 

NaaiiiiiiiaiNiiauifniNimiiviNMMtniaMfHiiifwMH 
■■aaaaaiiiiMimiaaaHtiiiHHH  mm  n  ■■■■■aaaillaimawiwuMH 


— - . 

r-.rs-.—tzrn 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SYSTEM  TEST  OEPAftTMENT 

RANDOM  VIBRATION  SPECTRUM 


TR 

Figure  £ 


Frequency  -  H/. 


'I 


440- 13  A 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


T* 

FIGURE 


VIBRATION  U  VE13  -JCV^C'7' 


T««t  Item:  iJtC. 

Test  Dete:  ,  ,jT  .  fo 


r'-.'CI 19* 


ional  Numoar: 
tnojl  Ajus:V/e**r' 


440-8  A 


n- :  4 


CMEP  55-4120 
Report  No.  79-106-39 


■  fci* 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


FIGURE  // 


»  Svatam#  Opaatcns 


Test  Itemtl^H'C  ± T^^'e 
Test  Dete:  ,  - 


V  i  B  t  A  n  O  N  LEVELS 


f  ai-  .it  -  4<?0 


'  t-f  -  30 


Serial  Number:  92$ 
Input  Axis:  \J£iCTi  C  «  L 
Response  Axis:  X*/*!1 


|!5??5??55j75SBS!5!!!55gsH3B555?5SS;!k;hu;Hs;Hii5s«siH!^^B 

l;:s::::::=:=::K;a::EsaKWKKKK!a:sKKSCsMB«!Kajwaaausss!s:KKassss:»i^^H 

h||ssssss|:sss  ^«g«^?^jgg^ii^5s^8a8|pgja 

HKeeiHtMtlSSlSSeaeasS  SaMaeaes!  summiS'  I 

*•■»«£!  me  mtutmm  »«iBsMi*e»«»  lunl 
[*>»«£  «**M  Mims#®  ®*  SB  M  r»ts»i»e«MP»»*i*  a  ®*9  et  ip»a  i  * 
ns MtWWIHW BUMisM  awwaesf  seamimn  | 


..lies . ■eweese»MiniiHWiee»n«Hi«inne»eM»n»waeM»»|fl 

>»iiwee»s.ew»eeasa»ii»wni»ieeeMM«ili»»Wh»a«seWp«iMi«l»i|»i 
nti^aeaeseiwaweiMieaMninwueMaiMiiiwwagPigiMiiBiWiaaafiii 
nwMeaeia— rnwnw  tim w»wm« mwiBWHiwwiw  a»Miiiin 


F^$~?iissS55SS;55i:5;iai^a!tg55a»B£SS5£HS5inSjsg£5tKMli^B^W|I^^^^^W 

BBBWWBWmmilllWMSSwaMMwiiiSKSSSSSSitfiiSiMWMwlMMfflWwMpSaaSW  ■5S»5ffeees«53w»( 

I...  »»■■....  ■■■eeeessMHMHweeeofMiflia >««»»■!■ »en»B8»«— »e»fcwse«aMa— — ii— — — liMimai 

. . """*"M*MIMMW**,"">^»^n»*TinSumaaiiiijti{j||KuimMm|{i| 


■  ■■  . -  -  - . -  . .  -  HI  saeeli 

IkesMiMIluniBeaeatsi  Miwseti 

ilNMMMHfNtMHiuaaMiiaaaManiiiiiiiHiii 
HNnnB8iaiWfflUiiiB«aaMaa  ■■mbiuhihiiihii 
mmii  ■■ipiaaaaMmnim 


liimeiMssn— attww  nwiinmw  i«a>iwitiaaafnawi 
|>WiaaaMiiiBa»aafHwnHlWinwaM>iiii«H«iiB—i«iiBiwi 
|»irnMWMiiwaaMi»iwiniiwiiiiMwiiMiwHMiiwiii 
I  h i n  ■  ■  ■  ■  1 1 1 1 •  ■■  ■■  mii a  mi 1 1 mi  ikmi imuiuu  MiiiHiMi 
■mu  ■■■■  am  iihihni  hmumiuhi  luttnwaiaa  hub 

-;ir ---r---r»s;:"rr— r-r1”— 


i  ee  ■••>>■  MeeaiSMiiimiiM 

— .  _ ... .. .  „ ..  — — —• _ ... || imm 


WM  i  n  umi  iiHiii  w  n  ■  ■■  ■  i  m  MBHamai 

uT»Seeee«S5SSS5eeea»e»i5neeeeM»»»»«w!iS«55>MeiiBeSS»n»w«i«MH!  ■■■■a  iMUaiweapanM 

■  iaaaa»m»a»eae.asuwMiw»aaaM«»a«wtMieaaes>MaiMiee*aa««M«wiWiMssMMnuWeaa«Ma»aeMiai 
•  ■.—weaeaa»»e«aaUaa.a«aaat siWH«Wa«a»H— — aWilMS nHi>es»MnniHliiaieaaa»M  ■»—  feel 


MMII 


aaaaaaaa 


«2tanCwi55aa£ 


fiummuaieeniia 

■iiHHiMiraaHHMi 
aaaaaaaaHMMiHBMaaM« 
■iawHmmiiaMMMM 


:ss: 


.  5P«-“* 


issassa 


linifaaaiMM— ■>— naaiiiaiao— nnimli—aaMMwaa— a 
■  tsiii  ■•■■■•  at  aaMnaANWMaaiiMimMMaaiiil  MBMia 

iiiiiaauiBiiaamaauniMiwiaiiMKiffHMHHHaMil 

*  I U '  ■  ■  •  ■  •  ■  • » ■  ■  ■■  ■  aaMitti  m  m  HuiHMtw 

1 1  In  i  ■  i  *■  ■  ■  n  ■  ■  NiMMi  min  nm  taainaw  n  M 

■■■■■sssEsMa uSSTM 


MK»i!«{t{»t»!KBaiiif555SSeeee!S»«M?»!i!  I 


::ss::asissss 


■  ....t  =35i6e;6gsaaaass3**ss£s:: 

li::[j====:iii=~=~533 

■  hnlMaaaaaf 


gagfctessa 

353r=rr:2 


•■■iMii  nasosasi 


ii  Ei  ;H: : ;  Sis:: iHL*  ti:  :Hi ;  I 


■  iMileeasaaise  ■ 


5ii5=n::E:^H=r53^nS! 


■  I  MM  ■••■■■!■  Mill  «MI 

limiaaBaiauaaaMaai 
lumaiaaiiHaaaMH 

■  mitaaaaiiitaaa 

I  Mill  MilHMMj 


SR}.! 


BhSheU 


Frequency 


440-8  A 


Williams  Research  Corporation 

CMEP  95-4120 

Report  No.  79-106-39 

T  R 

nouae  /2 

^andjj^ 

Bawaaaoa  Syaaia  Onaratom 

VltlATlON 

LEVELS 

Teatlt.m:W*.L  r’ /07-  «' °° 

Serial  Number:  ? 

Taat  Data:  /.j".  Jo 

Input  Axis:  y&CT 

fteepoe.e-A*'.: 

i.zzzzzzxxzssszzssr, 


mm  mm  asM«*SBW 


•  •MIlNNIHIMMIHIMlimn 

■MIMMNNMIWUtHNHMI 
■MHIMMIIIMUMMIIWIimiM— Will 


»*••••( 

lllMtl 


•ntiWH 


Mumiiunia 


timmmmmmmm  SlmlmmmmmZmmt 


»BUIHNMNUIUin«llua 
■HUMMMNIUIIIUIII  B 


HSSaS(nS(!i!u!S«aaa«<iSSaB#Z«Si 


•  iMMiiiim 
■  IIIIMlHUI 
iMMIIIIlMI' 


mmmmmmmm  ■*■*•••••■ 
■■•■(ill  MIWWMMMNM 
pa«>i mm  mmm mmmmmmt 


■  ■Mill* 

■  ■■Hill 

■  ■■aiugiH 


V,ZZZ1Z\ 


■  ■•MMIHMIlllMItHllllimtll 

■  ■■■■■I . . 

miiaaaaaaiivaauiaaiiiMiiiiimiiaaMiinHiiiiiiiiMBaiii 

•  aaiMuiiHUiaaiaMM'ininSSMaltii 

aaaaaiHMMiuMaaaiaiMimiiiitSaaaM  I 
•MiMUHMUiinMiiiHiiinaaaiHiii 

■  ■•lltiaNMIMMIIIHMmUIBMIllll 

»*»**m*i  *»*»***•«  *«»>■•••••  •>  i 

- ■HMIUIIIMaiitAMHflK - 


■  ■■■■I 

■mmi 


JIIKIKIIU 

•••••»  asailillHi 


mmmmm»pmmt$€tnmmmmmmmm  aaM^paaaMi 
aaaaiMiHiiHOaMMit  ■■■aaaaaaM 


Mtattud 

ilHittm 

. . . 

m  tiauiii  «d  iuh  fl 
vIMKHimillil 
•  •MMHMtMIMUB 

nBMaaiiiiiiiimaaBiHMMiiuttMaaaiiiauBBBiBBaaiaiHiiiNtil 

■■■aaaiiaaMMiHMMiMiiaaaiiiiiaHiaaB*|||im(w,r 


■  (■••tliwtiia 

iltlHIHUtHB 

IINUHMir 


■■■■a  mu  uni  ■niitimiiiuiiiHHMH 
BBaainiiiiiiiiMMiaaiiiiiiiJMBaMiaaaaa 


BBBBMMIUtHMiaaailUlllllMIBBBBIIHaB 

IIIIIIM 


Bum 
■  /!>»» 
■  him 


p^MiuumaaaaM  * 

|BBBaMBiaBBaBaab'>i*iinM  aa  m  « 

HPMiNHMiurtiMaiiiimiiNiMa*uiai 
■MMIHIIIHIIlllMUHIIII  UNI  MNMNl 

■MMMiHmmnMaWHiiiiiwBiMMii  a 

aaBBBBMBMiitHUBiiuiaimiiHaaaaaMM 


C  •  aaaa  aeeel  aaTa^ 
LavauatiiiimiB 
tauaiiHmuiil 

■■•iiMinuiiuil 


iiiiiHaaaiaiMaaiHiiM 


•>MHMaH)aaaaataaML. 
ailltialHIMraaMHIUMIH; 

•asSSST 


IjjfiiMaaaati 
■  |iMiMaaa*ai«a  . 
Btioiaiaaaaaaiaiaii 

1iliiiaaaaa>ia«r 


■  miiaaaailallflai 

■  lltli  •IMIllim 


iBllr;!" 

••••Him  apaaaiaa«(ilM<MMaaa»a*Maa«M* 

HHiiiHiaaaai«MNHiiip4M*»HB*aM*ai 


£EE;::i;  =c=3£5;Hi : 


aiessaSSSsSSi 

tssmmm 


'mmmmmXSSmtmmmSm 

- 


•.TrfVi:?MirTT?er*fS5vtssass5Sj^si;s:;;| 


_ JRIMHIIH 

laNIMlNMIlHIMaaMlIMtllHi 

JlinnimiMMNMNMMNni! 

aaaaiiaHMifiuiaaBMMMiiHiii 


■umiiimiiimH 

_ _ ■mhi  ■  BHMiiiniiilMi 

KtaiaaBiiMi«*aaiM«MiN««iiu<iBiaiiMt«HiHiaaBBa|MBMBaaaBBflaatH|fj 

^aaBBtaiata  aaaBaaiaMiiniiwBataMaiiiiiHiaBBB eiai— bbb  BBBataiW 

|Hti>aBBaaaiiBBWBBMaiMiHMinaaintiiniima«B«ia«f  ■wwinmim 

U»aM.«,.a»tMi4«*i,j«ta«ao»Ml 
bMaaaaHMHIH4»aaaH«>H 

. -  . . . 

•  ■  MUM  I H*  M»M  MM  I  •  I  HI 

11  MniniMWiimiMmnl 

■aaaaf  a«a  m  m 


laSmllR)  aaaaat 

►a  taHiMaa  aaaan 

KwwBtSSSa! 


nSSSSSai 


■BB»myWBMIllll|||IH|BBB||l 


IIHHBBBial 

witawii 

HlHBBM 

■hIi 


MBtitMB 
iiiiiiihibM 
lllllt  IKK  Mi 


iicnaisssasssgci 

aiiiiwiMBBaaaiiiai^^^^J 


ZSZZZZZZ  S 


=25! 


ic  - 1  - 


_  _  __  WMHIBBBBM  _ _ 


52sSS=i*i;*?:.::r5KnHrH.:55cH2:i3 


•I  aa»»«aMM»»aa»aaa«»»««mna»aaa»a«»im«  aaaaaaii  aaaiaaMi 
ilaaaaaan— aaaaaaa«t»miiiiiaaaM»ta»iiwia<»aaMt^MjS| 
»■■»■»  aaaaMwwaiaaaaaataMHwiia— tiianMi»i«*aaaaaa—«|il 


Riari::  . . _______ 


•MMM 

sSziifs 


zzszzz  sszzzzzzi:::::: 

SSBSESSSSS 


acgcasS? 


■iz~U%2S5Sm 


5s  2K  ii  zz  rssiisJHii 

•MaaaiiwaaaaMMim 


••■■■•■•aia 
iibbbsimcb 
ImNBBIOftlB 

|niMaBB«aavi« 


■  ■NNHIIIIIIIIMIMlINNIimil 
BBBaaaMiiitiNiMBaBntaniaiiM 
BBBfBfBf  IttntWI  Blllf  «Mtf  HIM I 


•mhhS 


jjgiislHH&fi 

ESniiiMfil 


jbbbbmi 

_  _ _  BBaaaan  _ 

•BBBBIIIIHKtlllflBBMIlliniltlBBBBflllimmMSX 


ifliaaBBBBBaaiMiiiiHi 

BflMIfaiHIHlHi! 

■BBBlBfMHmmll 


■  BBff  miflOK  I 

iBIHItlltliftBBBBIIIB  WBBBBBBjllll>Hin| 


Frequency  -  Hz 


440-8  A 


Acceleration  -  g  peek 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TR 

FIGURE  /  3 


AiWWPRCl  8yWw>  Oparatoeta 

VISRATtON  LEVELS 


Teat  Item: 
Teet  Data: 


s4/zc  1 7  as/£-  *0? 

.'-■S-&0 


Serial  Number: 

Input  Axis:  yit/CT  - 

Response  Axis: 


440-8  A 


»  -  VOT1Vl«|*33y 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TR 

figure  /+ 


i—HO  twwn*  Op*r*poo* 

VlltATlOM  LEVELS  - 


Teat  Item:  ^  fcC  t*/<5 
Teet  Oats:  /  -  S  -  jo 


Serial  Number:  $ 2  % 


Input  Axis: 

Q  ^  —  ftaee  \  m1!  ei 

^Cc. 


440-0  A 


1° 


D-20 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


440-8  A 


jy* 


■  !■■■■■■■■■ 
BlIlilflBBBai  II  B 


mmr  MMa IMMHHIM •  •■•■a 

■■•■HIINMHMtMniMNIIIIiaaMHM 
MlllNHNIWHIIIIIIIIHIIIilHUIMI 
■MHlIIIHIIUHHIHIHUMHiaaaillU 

■■••■fiMiHWmBMMiautiimMMMaa 


■  NMUMHIIUIMMNHHlMiaaNMM  iM 

•  MM 

■■■HMHiiiniaiMiiMMKitiaaaaMH  mm 
BBM1  llld  illlMaM  i  ■■•iisiik  naa 

••HllllllllinUailMHIINilBMMMHBi 


•••aaa  (SaatSaaii  I 
■(■anamiiHiil 


■  •■••VMIMHII 


■  ■MaamDiiiaaaiMiaaiHiaMaaHSSMMaiaa.ii'nSSuSi 

■  ■■aHaMiiiiiwiiaiaiMiwiiMaaaili  MMMaaaaiiMMiHiii 

. . mi 


kiMiiiiiHBaaaMM  ••-••■■••■••■••nun  >>U1  miimhiix  •••■•<  . I 

•  initHMiHaaaa.M  Maaaaaaaat  aMtimiiaaaaa  iHMui.'aaaa.»tl  ■aBaaaaaa<nml 
■•Miiiiiiaaaaaiti«Baaaaaaaiiiiiiiii>iaiiii  itaiinioaaaa  aata  BaiaBaaaaiiiiiM ■■ 

I"  aaiaiitaHiiMiaiiaiamiuiiiaaaaaaaaMMaMaaaiMaiMittiiiaaiBiiMiiiiiiiBaaaaiM  . . . 

(♦■■aaaaaataaaiiiniiiaw  (whiiiiuwm  aania i— ■  aimutiniHW »»i«MMi«utaaa»aati  w aaa»aaataiii»mil 
I  ill  (I  ■■■■■■■•■■■  mm  ■■■Mil  IN  Kill  BBBI  ■  ••tlHtlHaBBaat  ••  (■■■■BBlai  I  Milt  IIIH  BBBBfl  ((Ml  Hill  BB  ■■  1 1  ■■mbbbbm  mihhiii  I 

■  iiiii  ■■BBia  ai  ■■■■aaBiMim«iiiiia*Baimiifiiii  itmiiiHBBMaiiiiiiiin  ■■■■•>  aiaaMaaatBiMikiiiui  I 

■tllHMfiMnBWimnltWHUl— IHIWIUWIH»W>mMIMIIUmHIBMMIIHimilMHMH  MMMtUMimiUlitl 
■MHHiiaiiaBaManvHtHiiuHMiHiiiHiiiiiBBitHiiHMMaaHiaiiMifNiamiiiuiiiHmBatiMWMnBaaMaiiiiiiiiitl 

.  . . .  -Baa..... . ^ 

p“***“““*’“  . . .  »■  aaaMmniHil  BamxpMa  H>l>a>aaa  ••••  aaaaaaKH 

. . . . . .  ■■■Baa iimmii I 

I . . . . aaaaBiiaMMaaaaaaaaiiniiinil 

^^^^MMawM^gg^^riww^iiiiiBBaaaaaiiiiiMHiwiwBwwiHiM— wiiiibb— BBiMnmniul 


. . ■■■■*•■! 

■  ■(■•aiMBMaai 

■  aaBaa#  aaaaaaa 


w!t»MaaS««Sji{5wMaaia»ti 

iiiiniHniMmHHtaaMMMl 


laiiMinMHa 


■■SSaaalil.IISlj 

M^^^^HiiiBaaai«MMMHBBBaaa«a  «a«—  «»■»■■■»  w.uBBM 
aga»niiMiMH»>MIWtWI»MBBBaMtlMMa aMMWHwiiia 


«Hi(MaaBBBaa»i«ianaiiiaaawMMii»maaaaCwM 
ll*;*' ••  ••  aaM«aaaa«iliMi mmbmm ■MaaanNiiimianiaMM MBMtwwaMMMBasB SM 

■»»*aaaaMaim.nnn„a.niMi,mnaaWgMMfc 


■aaMMiHHilH, 
iMBaM«»llllll«| 

5SS2SSS8  Saaaa  laaial 


■•■••■■■■•aaMBaNiiiiiiiiaMaiaaiiiiiwMBBmgaBBjMMi^m 


■nmBBaiaaiiaiBBBBaaiiaiMiiiiiiiafluiiitviiimBBMaaH 

|:::::ss::::::=s=xs::Ks:xs::x!sssst3st:K:::ssss:sj 

!iitLaaaa?a»MMaa^aaaai»«M!{M!iaaia«»iHl{{{|!SSB5iaMS 

|!:i«ss::::issr=5r — - - 


BiMaMiHHaaaiiiMil 
IMIBBlMlilMaBMIMININUIIIlBlHIlimWIBBBBMUl 
iiilaauiiH  ■flaMUuiHtmiiuiBMiiMHiiWMiiarii! 


MM*aBa>n*N  IMMMM 

MU1**>*MIMH 


i>M«aauiiitiiiiiiBaaaaaaiBi 


xnuiiiiiiBaHj 

»n5!miiBBii»»i|i 


mimnil 
IH  1111*1 1 
ItlllltMji 


ISKStt!t|KISSIUi 

iMiiiliiiililf 


|j;!;llljnillillg-gjl-jjgjliijlii~iiS£i!i5s5Sia^^^^^iS5aasa5:55iiS5aHS5£S;Uiiniaitiii 

l‘“‘^TTV?‘‘^Tr*‘'**~~“*‘*^‘l““~^^'*^"‘''T^Bnnr^T^~~"nHiWfftHii(MiM!!?8iiHBT~TinCBB5Sia"nlmiiiiiil 


. |wi|||ma«"MiMii|H|,aa>aa«MBM— BMIMMMilUfWHiti 

F*  222'  ,!H22,M,,>11  mimnnHiHiwiiiiiiwM HiiwaMMMiii tuawiimwii 


MiaiinilBBi 

iiiiiamiiiiaaapppMiiiniiiiiimuiiiiniiiiiaaimHBBaanwiiMHiimnniiiiMiHillaaiiiiBBBaipia 


HtlllB 

IIIWl 


Fraquency  -  Hz 


TR 

FIGURE  // 


V  I  ft  ft  A  ? ! O  N  LEVELS 


TaetltemtVA^C  LAjC./t't  f-/O7.^g.-40O 

Teat  Data:  __ 

A  S'^C 


Serial  Number: 

Input  Axis: 
Response  Axis: 


fir 


xi  s:  / 

Mijrr y«*  a* 


h.i, :::::::::: 


i  ■•UMNSHiniaBsi ■■  m  — wMUSimwimi  . . .  ■■■ 

•■•HiiM>iMM>*aHMiniiHiBassm>aaaasin)iaiMHiiiMSiimtJiii'iaa*sMM 

■  UUIIHHIMIIBMHNIIlUiaMMlIiaPMaaHNtlHIilHtlMHUtHHHIMaillUaM 
•■uaiiiHiNttMnamiiiiMiMBai«i«iM«aaN«<iMiiiiHiiaiii»iiHM«Miaasaaiiiava 
BNailllMIIMaMMI|llimMa«IIIIIIM«MaHIIIIIIIIIIHINIIIUIIIIIUHHIIII  Ul 


iMMaaaaitMiiuil 


•  •  !■  ■•«»•«•<■»  a*  sat  iNnaBaans  i  mm 
aeasaimn  isiiiiaiiiliinaaasisiaaa 
a»Mi<>«"a«**a*»'*NMi*a**a*'»a 


ssiuMiiDKtstrtKniitHiaaai  Itiii 
•aaaiatmiuaaaasiMiMNiiaaaaaau  ■ 


«aaB*s*aH>ii«'»i 


. . a 

eeasiat*! aaaaa  ■  ***•••>•>  aaa*tsai  ■•aaa aaasi saitiliMiaasts aaiiH wn a 
ii|iiilii«taaiii»liiii>> - - - - - “ 


I  mu  ■■■an  aa  a 

nuiflflaaaaaaa 

iiihaaa«*aaii 
Mill  ■■■■Mill 


_ _  _ _ _  MMMaBaaaaaiiaiHiHuaaitiiii»iiiii<aaaaa«it  ■■•aaaaiaassaaiiiSii 

aa»smmnmni aatttiMtiiiwiaaaaana ■aaaaas«nnm niiiait»iaiiiiinnaaas aa  aa  ■aaaaasHaiHiiiMn 

■  mm  ■  aasaatHii  miiaaaaa  **■•••••<■  ■■■•••  aaat  ■■■■••a»a  eaauiim  aaaaa  aaan  m  •  i*  aaaiu  a  ■  Ba  ■■■■•••••  MaMinn 

■  ■aaaaaaaMtautiMaa«saaaa««itMiB«aaaaaiaaai«aBaaaaia<i»iiiiiiaaBaaaai|iiii<iaiBaaaaaa  ■■■•■BBBaaaiaaliaiii 
■■aaa*aH«iiiii«(iiiiiH(aii(Mriaiaaii(iaaaaaia»Mimm«tiMaiiiiiimiaai>H»iaBaaM>iMiiiNiiw 
■■•aaia«iiiiiiMiii>«iMiuiiiiiM«RB«iiiiaBfeMHBMMiiimiitMmiiiiiiii<RRMM«iNaRR>miiii«niiii 


iiDlaaatMMaaaaaai 


I <Mli  ■■■aaaaa 

nmaaiaun 

MltlBBBaBlHi 


•  aasnsiHNaaaasMB 
laaasaataiitiiiaaaaaariiiifHiBaaaaaaia 
aaianiiMMhiaaaiMaimiHiBSBMBaiB 


aaasi  aiMuniiasMiMMiii 
asasataiHiiiiissMiaiMM 

laaaaaaaa  MianuH  aassarriH  mn  •••■••••  aai 
l■•■•B••••M»»Mll■B»M»a•Ml»>ll•■■BB•aa■al 
- IHIIIHIIUBBIIIIIMHIIBBaBaillHl 


■■■■aaaastMiiiaiu 
•  ■■■•aaaaa  ••■•••««< 
laUHIIMIMIIIIIi 

laaaBfliainiMiii 

■  ■•••MlttllllMlI 


BBaiua(BHBBaaaaMiMHiiiu*a«niiMimiiBaniiiiMBBa|MUiMUiHiiuHBliiiluiiiBB»iiiiBBBBMiiii 

BBBBBIHBBBBtlMNinilltllllM|lmil|(mMUllllM|«saia»«llll>IIIIIIMIMMI|IHIIIBaaillN 


esas«af*a«aiiaaHStMa  aaaaa  •••••a 

. . . 

MaaasniminiiaaaaBiiii him  - 
BMBkaaaaaataMHiiiaaaNaaaMiiih 


mrnmwt  twimmmm i 
•■«  i  .  iiauai 


. . . 

-  ■■•■••••a  anaa*  Mart  •••aa  Bates*  !»••••  •••»■■ 
■■•■aaaaiMfNMmaaaarnM/MH'SMMaaar, 
- >asni>tMiaaa»aiaaa<iiiH - — 


••aa  ■■■■■< 


laaataaiiiiiHiHiil 

*a*«a»#»»*i»*ii/«(r 
- - — laiiMiMiiii  f 


a:::: 


••••■•■•at 

- aaaaasi 

[MinalaBBaai 

KISaaaaiaS 

liiniMaaiiM 


!•■■■•  aaaa  ■■■■■■••ai 
!••■■  paae  ■  ■■■■■•aai 
HBBMMHBMmaaaai 
ii  ■■  Maan  ■■•■aaaati 


aaaae«ssMMiaaaaas«aaaMi»iiaaaa>a»wuilnaa^^^B 

»MaaMaaiM>iMiuae«aa«aaiiiiinaaaaMataaaMaaasaHiliiniiaaariaaaa<M»'BM 
■aaaaaiaiiaiMliniaaaiiaanliniia^aaaa  I»aaaaa»»»»a«imnrli  aaaana«iHin< 
■•■•aa»a«iaHHiiiiaaaaaaainiwiiBBa»aawWBBaa>a»BiaiiiiHaaa»aiiialiHii^M^B 
■•■■aaaaai«HiiiiuaM»iaaiiMiHiBBMaaMB«iBBBBaiMaiiaiiiii<aaaMtmMiMiBBBaMin 
BBBtaaB*IIUHHN»MB«lltll||limflMllH«aBBBaM«lllll«mflU«(HIU|NI<IBBBlMNI 
■■■■■BBiMHitmiiBBBBMmiiiiHWBBBMaaaiaiarMnaiiiammiiBtBBiiiiiimiiaBMtlMi 

■■•a  aaaaiii  hiuhi  aniiiNM  iuuii aa  uuaaimaiM  wait  iihi  aatia  mu  iiimm  aa  mu  i 
■■•aaaammiitiuMMiHtnintiMBiMiimMRaaBMiNHtiiHiaRaaiuiiMiiaaaMMiii 


I  Mill  BBaaBatsB 
llllll  BBBB  ■•••■ 

=  ..  _ _ 


•  aaa  aaaa*  a  aaaa  i 


BBIItltllBUIIIIHNHI 


■  ■HMHIII  IMIt  »NM  •**•*  MMI BBB 

■  MMMMIHtlMNHMMlHIHIMB 


i5aaaIail»Cw»«il!aaia»t«iM»iii 


laa««*asiMii| 
RIBBUlia  bmm  imii  I 

KHaaia.Miim . I 

■■■Mtiiiiimiiiil 

■SanHiniiMiiHil 


■  aaiHHiMMiii| 

■  BMBI  Mill  I  Mil  | 

■flaaaaniimjtil 


•  a  aa**a«»MM»>aa»s«>»M>!!!aSZaS»sSaa^Saa3as>  aaaa* salt* aaaaa  aaaa*  »*•••■ 
aa  m  aaa  a  asst*  <«••*  aaaa  a  a  aaa*  **•••■■•*%  aaaa  ■■aaaaatsi  aaiHimiaaaaaia  »•••■■■  >■ 
aaaasaaMMUHii  aaarmawiwwaaaa  aaaa  ■•■aaaaaia  iHtimiiaaai  aaa  aannn  ■ 
aaaaaatsitamiwaa— aaiHUlW— MBMNlBBBBBB  BBBBUMIUBBBaB— jlUMltB 


aaaMMMiMllll 


Il>lM■■•■Ba■a■l 
Mill  BBIBII 
MIHIIIIIIItBI 

mna«aaimai 

mmw 


440-8  A 


■  •••••••eeeea*m*«w5aa*aae**  •»«*>« 

■  aaaataaiiHiMimaatstiaiaiiiMil 
•■•••asaatiiiiiiii'SttslaaiHiiiKi 

•  -a«aaiaMiHIIIMIi«iniHH|MHI 
•■•••■BltlmiHHIBBBf  >••••!  If  MU 

•  ■■■BBBBfllllllllMBBBBClMlIHUtl 

■■•■•■tailllMMIUBtaUUIIMMIII 

■■BBiaiiiunttiiHiaiiimtiHHii 

LfiH 


>•  •%  aaaa  aaaaaaaa»sosai»ili  aaaaa  aaaa*  mu  •■••••  ■••■■■••aataiiaM^H 
iaa«MiiaaaaaaaaaiHniiHM  •••aes*s*s«»«ii  ■•  anaaiaaaaassix  aasst  ■*••> 
. . . 

iaaaaanaaaaaaaaBiawatiaHiaaMi»aiiiiiii»aaaaaaaaBM»aaaMa>»«amni 
>■■■•8  •••■•••••BBS  fWftHIH  BBBBBBttll  IfHI  ••■•B  B  ■•••••••BBBB  ••aailtlu 

IBflMIIMBBBHHMHIIMinaMMIIIII'IMiMniBUUBBBBIBIMlHIMIII 
MMBIIIBaaaiBMIMIHIHUlHIMIIIIHHIiaBMMMBaaaaiMIIIMNIlin 
■■■aiHaaaaaBaBaiiHiiiiiiiMaHmiiiiiKaaaiaaiiaaBaaiaiaifmMiin 
BaiiMfBBBaaauHiUMUiaaaimiHMiHBBaaaaHWURBBaammiiinii 
■■■■  fill 


frequency  -  Hz 


D-24 


Power  Spectral  Density  *  g*/cps 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SYSTEMS  TEST  DEPARTMENT 

RANDOM  VIBRATION  SPECTRUM 


TR 

Figure  20 


Frequency  -  Hz 


,  *40- 13A 


<£>W 


D-26 


AD-A102  257  WILLIAMS  RESEARCH  CORP  WALLED  LAKE  Ml  F/G  21/5 

CRUISE  MISSILE  ENGINE  PROGRAM  CONTRACT  DATA  REQUIREMENTS  LIST  S— ETCIUI 
JUN  81  L  TOOT  N00019-78-C-0206 

UNCLASSIFIED  WRC-79-106-39  NL 


Power  Spectral  Density  -  |£/cpi 


William  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


mrcat  rai  oepmtucnt 


TR 

Figure 


RANDOM  VIBRATION  SPECTRUM 


Teet:  G KiA-C.  . 

Teet  Item:  lu^C  r  <«?-•**  It  -  yGro 

Teet  Date;  7./»0 


SN:  il? 
Axi,: 


Frequency  -  Hi 


.  440- 13a 


Power  Spectral  Density  •  g2/cps 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


iYSTEM  TEST  DEPARTMENT 


TR 

Figure 


RANDOM  VIBRATION  SPECTRUM 


Teat:  t Hw+C- 

Teat  Item:  wrfC  <£VtfV.«/w  ^ro  ?  •  ui  + .  SN: 

Test  Date:  /-?.  fo  Axis :  c  fr ) 


Frequency  -  Hz 


,  440-13A 


S^TfK/C^- 

CVS? 


D 


-28 


Ill  Willi* ms  Rassarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SECTION  III 


A  chronicle  of  events  and  the  test  curves  obtained  during  the 
second  vibration  test  series,  conducted  on  14  January  1980. 


} 

\ 


f  D-29 

\ 


Ill  William*  Raaaarcti  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


tr 

picurc  / 


VIBRATION  LEVELS  -  J  <J 


Teat  Item:  VxW  C •./</  rfO?-  l Kj&.v'a* 

Teet  Date:  j> 0 


Serial  Number:  PtS 
Input  Axis: 

-Response  Ajmr 


rj 


CL^j  tfcdC-. 


Frequency  -  Hz 


William*  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


7R 

*'C  URE  3 


eewpeoa  Svwnn  optratnna 


VIBRATION  LEVELS  -  J-  *J0U7~ 


Teetltem:  /r«?  -  u  £  .  rfm  Serial  Number:  , 

Teat  Data:  Input  Axis:  CAT&esx-f/J 

-fteaprmaa-Amw.  Cx^r<0C. 


»Meee*e»MMii>u<es» 

IMlHUliliuasai 


IMIIIUIII  ■■■••  I RUHIlll ■■■■■(  M  MR 


•  •■•••a  Ss 
■•aMtiNHiiauitaHiMtnMiiiaaBieiaia, 
•■UMiHtiiittuMHRiNitiiiiiH«a>iiaIaa 
HNMitiiiimiiiuiiiniiiiiiiainiiiiM 
■■••IBIMllMIMiaMMiMAII 


•■■••MMMlIltllll 


iNaaiiHiiHisae>ae«e»HiMMaeaeM  m 
itaiiHMHHiaaMassMiitiKaaaailii  m 

ia*iiiHaiiiiiBa»MMiNiMMMM«jlia 

IUUIHtlHII(MIBM|HHMl«aMNMa 

!  Z 


. . .  •■■•aiainmiiea 

aaaail  eesaaiaiiiiMiiBi 

BBaasf»»litit/isas«tH<((iiii«k....... 

■ . . 

■  ■■■■■aMllllltlllMMIMIIIUIIiSBSBMIl 

■■■•iiaiimiiMNMfinifumdeaMuin 


eeeti  iiMiBBBeea  a  a  ■! 

It!  22  22  2  5?? teas  a i test  ■■■•Baaaai Beetta  HBeiMaiiai 
”!"l!l*V,li"—**««»»«HHiniiiaafHiMnniitiiBaaaiii  ■■■■■aaaam 
?*]••••••••••■•••  •■•■miHMMaaaiiahiiiitiiMaaasai  ■■•aasetii si 


^■■■■■■■BiiUHiitinfetuiiiiniiiiiMaainiBUBaiitii 

|*"*”*"”******””||2”I!l!?????!!?**,"******^"**'*‘****' 

aaeuiiinltiH  mbssmimIIIbIm!! 

skssssssks: 


. . . 

laaaataiiMHiiBaaaaeata . J 

■  •BBiiiiiiimiaaaalaaiimni  al 
laasBaiiiiiiMMBaaaaiiiiiiiiiiiiH 

pnMMiiiMiiiiHiaaiaaaaiaiHH'aaBaaaiii 

•■■■■■aiaaiiiniHiiBaai  tumim  ■■■■•■  ui 

■■■■■■miiiiiimiMiimiiiiiiHBaaiiim 

|Maamiiiiiiiiitiisit«tiiiiiiiiiiaaaaaiiia 


<■  aa  a  a  la  aiMM  SSmb  a  Beal  aaaai  52  £2  a  a  M  a 
jsanaMaumaaiai  eeeti  nniiBaaaaiua 
■  MaNiailHIWtHnNMIlHHMMam  ■ 
■•UMHiuuuiRHUUinmiiMniMia 
-  - . - . «aaaa*»MiiiiinaaaaBB«B*iniii «■■■••«■ 


--^—T - ■arnaiitraaBai*-' 

— - - - r — r— ■■aaaaii^-  — 


■  aailtlMaMiBeaaa  taaHiimaaaaM 

aaamimnaaaaatMwww— m>MW 
aMiMimuaawmmuwiaa  aaaa»a  ■ 


. . . 

■  ■■•aaaaaiiHiinl 

. . . 

!■■■>■*••«  aim  null 
IIIIIHII)  I 

■■■■•■■llllllllIHlI 

neeamimiitiiiiJ 


MaaiaaiaiMHiHl 

■Beiaaiaaaaaia.iil 

MIMMIIIaillllll 

. . I 

•  ■■MSI  ll  III  inn  | 


nmmhh] 


laaaBeaaaia* 
B  bf  a  mvs  sa  aaiiaa 

lilliiBBaMiana 

- ■  i 

...  a  ib  '  ■ 

liiUiaaaBMiawi 

litfiiaaaaiiiiai 

|ini(aaiiiiiiMi 


BBaesaatniwiiBBaiMiiiiHawi 


iHHiHniaaaaaMtaiHi 


aaaa(iMi«BiiNaaa«NiHMiiiMi 


•  ••aaiSSiriBaBaaaaaanailiaaaSsaiaiaaaaMaaBBBaal 

. . . ! — - rTT - mini 


aaaaaa— Maaaaaaan 

■■■■a—— 1 

J ®  ® ® a  bb  ea a aet taea  Baa B e  aeaaa  tain  ataaaaaia  aMmvaaBeaaaBaaeaatatBBaBa  aaau 

WBBaeaiuiiiuaM  .S - ~"T"~ilInMniuuaaarltmi!ri!irMB^Ml  •-  - 

ggei-Kimgg^K^^asaau^Baagiiiigiiiatygiiaaiffaj 


BnaaaBaaaaifaaeiitMaaaeaaaaaaaMti  BBBeis< 
BBBBaaaimHa»lnwiaaaitiMi«ia<BBaaI.a. 
~  — . . . . . ^n.nmi,aLJ  — 


Bale  a  a  tee*  BBaeaaaa  aaaaBeeaaat*  I« 

nmlmnlg;****"*****"— . 

«"S!^3SUKaMMHi 


5*“  *•••••■■  eeeaa  MiiieeeaaBi _ ___________ 

SSSS?****!!>lllltw*— ,,»,l|wWHaaaa«miiiaiSaS 

■“■■“••••Mmiiin  aBMueainnn -  — — 


liiiiiMiniiiaii 

liMiiaaaaiiiiai 


440-8  A 


. . .  nnimiiB 

■•■■■BaitiiMititwaMiftRMmtna 

inniHii  ■••Mum  Mina _ - _ 

laaaaaaaa  111111111)  aaaHinniiitiHaaaaii^ _ _ 

iaaaianiin»tiiiiiMMintnniHaaaamiB«i 


BKiinSiiiEHSSIHsssnSKiiinSi! 

aafUiiHiiiMiMNii  ■■  *wa*waj|HH« 
Mlaamiamwaa  »a  a  ■aaniiiaiil 


SSjsiigSgjjjjgjffSw^SSS^gtfjHMwIiSSaSaiSSSSSSaaSlIHI 

!?M?!*fgggwiHW>wniiiiwiMtiwwwlaa>a«MiaaaaaMiiiSi 

HmmHS  1 1 111  ><***  *Mn  ttMMtataif  mmm  aaniMii 

[aiiaiiMmimiianinitinifieaaaaBiia— aeaaaanm 


Frequency  *  Hz 


^^^jrjrr^apr  >b 


Power  Spectral  Density  -  g*/cps 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SYSTEMS  TEST  OEEAATMENT 


TR 

Figure  -5~ 


RANDOM  VIBRATION  SPECTRUM 


Test: 

Teat  Item:  W/J  ~>  -  cj  <  -  ^  tro 

Teat  Date: 


SN:  tPi*’ 

Axi  a:  CStTV&c 


Ct) 


Frequency  -  Hz 


_*5a.  £ 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


smiat  TtST  DEPARTMENT 


TR 

Figure  £ 


RANDOM  VIBRATION  SPECTRUM 


Teet:  . 

Test  Item:  «FaJ  Cr*J  /‘r O  -  W  <  -  ^ 

Test  Date:  f.  ,.y.  ^ 


SN:  A  **  | 

Axis:  CS&T9CA  c  (y / 


e 

0 

°  .01 

0 


*  fc£  MIMItE  SHi  NHMII  >■■■■■■■■■111  ■Mmmtsgfffft;.':?  *?i:  ft 

t-.-g^gi^^aHiMWBiaaBWB— aiagsaiH^sEsgijgggl 

Ilill^liPlillljWBMBlBBillilSiiiliil 

mwsi— — 1— s  asaass— — snaa* — sesmia»»s( — ■  amvmn7! 
•■•■->  mss—MM— i—sssaB»— — missis— stum— — «n| 
-  ;  iHumsunwasasissssama— ■— ■aetintMUBiWiajir'Kl 
„t^nat(MMagwatKgBw— — — ■egaaBWHMBegjgfegns-l 
‘  ■  s^gg»BSW«IgaBligMgMBB>gMaBEgB5i*pa|£i 

^^uuiSBamwBap'stak.aaaMMnaK^kdiKfi'  .*  (isrASiiral 

ii^^——g0r«M—gaawi——HBgB^iagigi^l 

■■■■■ 

aw— BM 

'  -  UHliMMIMaWWMW—MI— ISaiMWMMIMIM—MMMiAJ  MH»W 

>  i  -ii..!iai«i<i«»— ■■«■— its— ■■ s— smaaaassiPM 

■-•;  tBMaanwaaii— ■—■■— ■— Mfiwp— 

i  in  Miiiiiiiiiiniiiws—iwwBiw  iiw  mi  w  1 

jyiiaBiwaBiiwiMMHi— assail 

~  — ',mnnis--,'iTMi~iaa«saiisci—iMSiaiwais>MMifanTri  jj 

.  i^fBPwsnw  •aailBP . H . '''lFrBiHj 

minmnoKiH. 

mn  iHi'VP  _ 

■'  i  I  I  III  I  HUM  Mll>  — SIMWWSS— — — — —  I  ■■—■<!■■■■— — ■!!  I  ll'llii^MII^B 

■  -Awwnwnses— sssm—sism— mnjuanswMnj>ul 
■  ^SlimatnaWaBai— ■ ■— ■MM«il«|MMWnBHEBj8Sl 
h  •■«  >  •  :,$::iEsinis!iBwaaiHnnMi->r;  j*h«r  ■ sv. — . ■ 

-  -  I,  r . mmTnriiinBir  ngBlIiiMM^MM 

■ETHM 


500  1000  2000 


Frequency  -  Hz 


440- 13a 


C> 


s 


Power  Spectral  Density  -  g4/cpe 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SYSTEM  TEST  OEPMTmENT 

RANDOM  VIBRATION  SPECTRUM 


TR 

Figure  "7 


Test:  (3u*C- 

Test  Item:  Ca/**C  rr o )  -  uJ M  -  <T*  SN: 

Test  Date:  /_  /  f  -  Axis: 


.0001 


10  20 


100  200  500  1000  2000  5000 

Frequency  -  Hi 


,  440-  13  a 


isa.? 


D-  37 


William*  Raaaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SYSTEM  TEST  OERARTuENT 


TR 

Figure  / O 


RANDOM  VIBRATION  SPECTRUM 


Teet: 

Teat  Item:  Aro)  -  w*  - 

Teat  Date:  -  _ 

I  ~iJ  -  iTO 


SN: 

Axis; 


e 

o 

Q  .01 
2 


■7i7F:fi>Mi>i>'r.rnntiaviaiininiaaeaMVHAi:iuuiT-.:/U'.'':  - 

■•: 'i!Mnwn.HaaaHG  iraMmaaaaaBaaaMaMvr^-.  H 
M  llll  II  IIIWIBIHllMIIWWiBMaiMli  I  I .  '.:« 

r .  linn  iib !■  n ■  ■  ii  i—wmBbt  i  i  •  • 

piiijaaa— Bami^MBBgiiii||ggipiii 

■  a-  amsiina  — —■■■■■M— i  ■■■■■■enYrtwwn  ■n«"»>««n,5 

.-.-  taaMimaa— ——■**■— ——aManBaafstaamaiaBaegWM 

.  sb  <  ,  ■  m»  Si  v  aiwsBS*'!*".  i 

‘-featisiaa**  «  iE8!  w»sas«B8^*ii@E; 

U ^^^ssBHBBiasMHHBaaanigs  imw  ssEgsyil 

ii^asaaaMiiiHll«B«i»5S^SSafc5^SSjk?i«B»S!SSfc«na:S£i!Ki| 

fc— ^BaaaggiiiaEaa—siaBiiiii—MiiBM 

.  •  ..  '  tMDilUo.aaiMMHNIiaaMIlai  WW^/IMVMMAMMMIINM  W««UMU  1 

■  ■■)':liiiin»i»«eeia«aa»— »'■!>— ■■■»amiinaaa«»waa  I 
.  fi  T.-wtftaiagBfaQaf— — ai— MMaamiaii*anro.ttuiB 
.  -  lilMWimBHa  WBMMWlai— <MI»^:::1  I 

iB;*!iaHMIMMH— — M  ■  ■!■■  Will  Ife  & 

jaigsai^iisniwiBBiimwaesi;^:: 

'  <uW«n«uwaaiNHSaii  MBiBa<Kac>» 

-F^uumaBamaMMil  HHBHIBa  -  » 

■itngasMi— awiw— ■■■■■MBfanraBgEKgs^ 

.  “■■■  . ~ 

■  j 

mmtmmmmmmmm nmmtmmm <■— — ■c»MWT-jiM.n»»«ii*:vrja 
•  •  e  *«■■—— mmmmBammsnwwBaamrmsaKt.Z'-M 

,rfei«a«iw—i mammmn*mmmm  Mussstl 

\  :  -r  .  8fl  I  U  :-V" 

b  -z:.zz  «  ;2^2sSsnas2xsc2^H 

feaawMWftBM— rfBl 

Ml  Mil  —  I  I  Ml  I  I  ■  I  I  I  —  I  Ml 


Frequency  -  Hz 


440- 13  A 


ign 


Acceleration 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79 


TR 

hour*  // 


VI  BU  ATI  ON  LEVELS  -  7~ 

Teet  Item:  5'jA-C.  UJ  /rtj-i/R1-  </v't  Serial  Number:  J 

Teat  Date:  /-,  j'-d^O  Input  Axis:  U*3er><X4<- 

ftesponge*s4ii>ei 


too 


Frequency  -  Ha 


D-4  I 


440-8  A 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TR 

FICURB  /  Z~ 


VIBRATION  LEVELS 


Test  Item:  Quti.,  Cj4l  c_  4ruc.~;<r  Art- <***./*  Serial  Number: 

Test  Date:  Input  Axis:  Csf  c_ 


Response  Axis: 


I  >JL  *fT~  a4  vSt*i  ( 


aeasemm 
•  ■•■HUM 
■  lltli  ■•MMliai 


>»WM»HWtmn«ae»«i»MiiMii» 
•  BaMUllIHUHMIMNHtMtUIIR 
M«aHllMIIUIIIIIIMIIII|IIIH<ta 


■  ■■■IIIOlllS 


■  ssiMiwiiiMusNaeiMuiiiii 

aeaesasesMiriK vassiaSusMi ■■■•eeasaa  mmm> 

BaeiistlHiMitiieeHUHiniiiaa aasesi  ■■■! 

■  M*MMIWIIIHIHMHiMNIIiaea«IMl  MM 
BSilnilHIlUHIHIMMlimilBaMiHI 

■•iiiiuiHiiniauiHHiMiiiiwniiNai — 


•  BMseiMMII 
a  a«a  »•  saestisaii  I 
■  ■■■•IBIIHIIIImI 
■•icaminmil 


iiiiiiiiitieaeMiHiiiHeaaiBseaiBieai 


■  •>e»i»MMiiiiSss>ies«uIt<u  ••  Be  SR ■  k  kas 
issskiUiwmiH saskMkkiiiMUBa Be Ba|l  ■« 
iBeesskiMtMiiiiesBeaBBiiMtiiiaaBBBill  ■« 

swaaaae  Btaaeifsia  Baeea  aaasi  iesiia~ 


laiBesessati 


•••aeeessRStii 


■■BaaasaZksaMaBaakMikSSitSieBssMSiSSilkiiMassstk 

>>  . . . 

nseaasaki  aaaessaiBi  aeaaaiaisi  eeeaiMiliililiasaBeeei 
_  iiBBaasaBiaaBaassttliiMiMiiiMaMMktaHkiiBBBBMlBai 

■  mu  a  •■■■■BtiiiitiHiiiiiiMiNiMiiiiin«»iiiMi 


saaMikMHanaa 


aaaaaakaaaaaiiiaatiaaeataiieikaMtBaBaeeai  a 
BBBaiitiiBiekiiliMassseBaHaasiMBBaaaaMs 
BaaeeaestiB«<iiriHaaesa|sai«Nliaaetessaa 
■  aaaaaiaBHMHMIlBBBH  IMM  »•»»•  MBBlim 

■  BBaaaaiiiiiniiBBBaaaMiiinii  ■■■■■■■■■ 


.  .  . . . .  ■■■iMRiininiiiMii 

Mill  SB  Bail  ■■■■■BBBBBBI  MMIIIIMBMBBIBtBlIVtll  ■■■■■■••MaaABBMI  Hill  HlHBBMR  Hill  mu  ■■■■•>•■■ 
MI|iBBBBianBBBaBBB>IMinilllllBBRianmHMlBBB«llHB»JIBa>BI»IIHIimilBBIUIIHimiiaBBBIin  ■  _ 
MitiBflBiaiiiaaBaMuniiiiiiiiiiaiaiaiiiiiiiHiBBBBiaiinBBtiaiiiiiiiiiMiiBiniMHiHinaaMiiiiiia 

sbbb  a*  •••■  ■aaaBeeBss*Mak!kk»BBes«aai»k«!wIaaBBBespaIKaaB— ealMeawWBalaaasanwkMaaaaasaa  «• 

. .  “**aaaeaaa  taaM  aaa  »e  aaasaaaaakSea  aa  aae  a  S  aaS  ■aaaa»BBSaaakS»aaaaaaas«aeatn»*»»»aaa  a  a  7" 


•BBBBRBsaaaaeaaauiNsaaaiiHMiBaaataiHiHiMBB bmbbb 

|  iiiii  mwbbsr  at  Ba««aa**iBasinitiitBMMaB*M  i*iaa 

littif  MBBiaaiB— — laiMiiaammaaiiiaatattamMaB  nm 
liniiBaafaiiiSBBMHWifiNiiiiiifaaNNNiMNBaaf  i»hi 


. . .  ■■ 

■■MBBBBBBMMiMiiBBBBBaMaaMtiiaaaaBaaa  aw 

■■•bbbmb  aaaM  mu  a«>aaaaaa<  inn 

■BBiHtll  Iff  NIIM)  BBBBlaBUI  MIHBBBB II  IB  Bl 


BaaeBeiBeitiiiiiiil 
tfessea  smut  reesrfl 

. . Hill  I 

••••aaaatMiiMHil 
■■■Biiaiiuuiiiii  I 

■Muanaiiiiiiiiil 

■■■•>!••  I  lllllllil  I 


BaasstHkikHiii  B 
aaasasMHi  isssi  | 
BBBBS4  BBeMIBSIll 
aas*HaeiiMiiii| 
BBBaaa*  ■iimmiiI 


naeaassstaaa  assaSMUiumilsai 
naeaa  aa aaa  >aes»*MiM(HiHBSi 
. . .  BaSaMliiieiiiiHasi 


•••MiHKinae 

BlltlMMIl  IBB 

•SSSMHSO'SB 


akaaaaaaBnmkiniiiaai 

aaaae  ia>a»«»iMH>iiss 

as  pakMikirwnnaal— 
,aaBBBaR«»meiininsasskHim>ni 
i  aaaaeaassi  niHiiKl  iBBBI  SMM  III  In 
.a  ■■naBaekiBSMBIIWiI  BtataiMM  IIM  i 
*>BtH»MHa«kBBaa«aWUWeM 


BaSBik  aawessakkiiwMiiiii  I 

esaiH  aaaaaaaaatneHHsHl 

_  'BBBSM  ■■WBBBBqeiSMMawl 


■  mu 

lilX! 

I  mu 


ikWHnik  isaai  aaea  ^aaaBaaMkI»kkkkkt»aBBekkfUS»k!waai»eeei| 
- - - — - iHiHMaSagr1 

srsaasssswi 

^saaSBi 


eesssiia  > 


ikkiisn  Mine 


assissMiNin 


>BBB»>SfMIIIM>t(Beef(BHNWM> 


iBasskataaaa 

BBeiilHBBB 


■  ■••■■■I  ’ 


■■  l«n  iklBMIltHh  .  ...  - - - - , 

H  tBMmaiaaairtiMBMiaiiaRMMnBaaaaiaawwi 

■■■ami  ■■••fviiiiiiiiiiiuiitiiiHHiwinBfMiiaBHHppMMHMM 

iinaaiiUMi 

^^^^■•asZZSa  seBaskMMkWMaaeasKsalawaB ■S»s«kSSaaBBait8{MM!kkk{aBSMSS»Mww'aaaesMBBBBMM[M[M| 

•  Kaaaa»«M  aiwi.imaa»«iikkklwma»see«Maaw  a  «R»»anm»wiMkki;WM,iiH  »aasi 

•  aa»»»«iniuimm.Mi  »««tw  iaSssk»««aaaaH  aa  a  s  »«■  BBBSS  kwmia'aa  »— 

ib-a— e»»RWMte.MinRsassM««kH.  haaseiBHaaaae»n»k>iaiit»i.BB»»lkiiMHHie«B*H»B 

1  MiauwwR. aaaee seessee**s  — aeBes  MlfcMess. M+«* aaaafllll 


•aiaamiMi 


BaaBBeutiiBUHiMai 


BeBBJMI 


■  iiim 

■  mu 
linn 
llilii 
Iiiim 


iiaeaaaa..aaaaaBeaMkSMIII.aaSBHBUIIIHHBBB»a»a««WWaB»»MBBWkimii 
WBHlMlllliaBB»tltfartB»B«akMllkllllH 


f  ■aaaRSktkiiiiii»kiiksinmHBniBewsiikaaae«MMiMiiHMHH 

^^MaBesei»»»iiiiwimi«irntitMiiiitiB»s«HnaiaBiiB«wiiiiwiwiiai»wM 

iaanniB»RaaM>uniniWMaa»»Miaiinm»»WHiiBBBfMBiB*iliMWiinii>iMm<Wm— W— — —1 

■■BBMMBBBBflMtlllUIIIWBMmHIHimBBBBBailBBBBaaaMIlWHIMIBaiMlilHIliliiiaaBlWMiiaaWIWMIMHWl 

■■■■■■■■■■■aBBaBtunHiimaaia  aiBaaHwweeMtweeMMifWtiimfM wnniiiw«aa«il»WHiMinnniH| 


Frequency  -  Hz. 


440-8  A 


■  Mill  ilMUKIHB 
IIIMI  IIMI  tl)H 1 


■  ■■■■•iiiiiniMil 


•  —  *•■■«■•■  ■•■MIAMI  II  Ml  «•*«■!< 

ilWMMMiallMIIIIIHHIIIMiaillllllll 
■  ■■BM*aaaaiMiMii<iiiasaaa*«iiiiiiiiaiBar~ 
BaBBaaBBMIlBIHItiaaaUMIIIIItllBar 

_ _ _ ■■■BiiiiitiiiiiiiiiiaainiiiiiMMBB  . .. 

|iiMiBaaiBiMMaaa>aaaBiiimiMiaaaaiiiirtiMiiaaaaia«ii 


_ _ ■■■•■■•■•••••<<■■ 

laasBiiBiiiiiiii  •  •••■  ■ 

am  turn  ■■•••■  mi  iuhb 

_ _ •HiiiiiuaaaaitatiiiiMta 

aaaaaMaiiiiiiiiHaaMiBiaiiiniiaaa ... 

■■■aiiMiiiiHiiitiMaaiatii  iuii  ■■■■•■■>■ 


paaaaaBaaaiai  him  mu 

Min  mh  1 1 

•■1111111111111  ■uii  mil  in n  ■•■■iiu  wiihiiii  immin 


•■MIIMMMHMIMlallMIHIH 
MiMiiiNimiiiiiiimiiiiiHaaMiiii 

.  . . . 

••aaaiM>iiiiiHaaaaaMMiiiiiiMaaaa«aaii 


.  . . . 

!•••#••  I  Mil  II I  III 

■aaiiiiiiiiiMiif 


|[i!uaaaaB8»a5KaaBaKaaaw»ij!!^naffl{»yawiiiiia5««a»iiS|tiiiaiiiiiiiii>iaiaMiaiiifaaiaaaa«»iBaaBBBaaaaaiMi»ii 


i  mm  ■  «■•■•—■■  ««■  mm  •  •  ■•■«••••  mi  ■■•••■■••••••••  mmmm  »mm 

■  MWWMMUHiHimiiMimmmm— mmii 


hi—  winnaa—  nm 


i-sSHii; 


NMIIIIIIMIHIIIMUIINIItIHia.. - -  - -  , 

_ _  ...  ■MHHnHUMNIIUIIII>IIMMMMMIIMMIIIINMII)IHIl| 

^  •»•■••■•••■»—•«•»•••••••  UII||pmiMli^MMMIiaaMMINIII|IIHHMMIIMiMHHa _ ^ _ 


<tfi!  ■■■■■■••  *  «■— liillMtMIIMiilMMW >n!wflS—!?»»tI» ■  ■■■■lltll  ■■■»■■■■■«»■»«»  —  — lll»— MMIIW 
Mill  ■  •■■■•  —  »  — —  • 

Iimi 

ilniaivBi  iimii 


- - 

_  ■■■••  •  •  •  MMMI  •  ■•••  . .  ■  •  I 

>•■■■■!  •mi  •**»•  •■■iiiilii  Mm  Mini  ill 

IIMiniHHIlHIIMIIMiMNIIIMMIIHI 

_ '■■••■■••i  iiiiMiMiaaaaita  m  whmmiiiii 

iihiaaaaaiMH'BaaaBaBasMMiiMiiBBBgaMaMiiatiiaBBaflaMi 

liuiBBaaaaaaBiaaaaBaaaiaaaiiiiiiiaaaaaaaaMimiMaaBaaai 

imiaaaaaaiiBWBaBBataaiiMiiiuiaaaaiiiiiiiiHi««aaaaii< 

Miiif  «■■■»»■— <■—»»■■■■■— wmimmwwmi  ■■■>«■«« 
niil»»«»MH  b»M«m  Mmia  ■»■■•—— I  »—♦—•»— i—«i  i 


■i S?S»i«»lMMlln«»— . . . . 

■wm  a  ■—man  ■■■■>■■•■1  mn»a— pii ■— mw  — iiiiwww 

•■■•■MIIIIIIIIMIIIlNINHHlHaaaiHMBBBBaar - 

- alMIIIMINIIII  - - 


It  ■■■■■  ■  •mimmi  a 


■■■■HHaniMiiaatH 

■VaaMaaau>HHii|aa«Mi»<iiiiiimBaaariBi 

■UBHIIIIMIIIUnitHIUIIIIHII  ■■■■■•  II  ■■ 


HHMI  — l—MMB 
mmpH—iihh— afc— MB 

asnaiaansKSKisi 


1 11*11 

|MHI  BBM  aaliBMaBBgBBI _ _ _ _ _ _ - 

iiaaMaaiaiaaBaBM aaaaaMaaaaaaaaaaaaaaaaaaai— Baaaaaaa— aaBBBiaaaaiataaiaawagaiiaaaaaiiBiaaa^il 
_ ilSaaaBBaaiaaaaBaBaaaaawmuiiiaaa— MimiaaaaafaaMM* aaaMaaaaaMa*wi»iBaaaaaiM»i»aaa— a aal . . 


]  ■••■••••••■■■■•  ■•••«•«•••* 

■  mm  mm  ■•■m  imbi  mui  •■■••••■■•  taut  a 

imii*«  •  »•■■•  — 

iiHla—iiiii  vtiBtt 


■  Man—  iiiii  him  m 


»•■•••  •■■M*+#*laaaaigllilfl| 


iHfeoii 


Zb  szi*  zzcs  ■SmZzz  {«££■■•  s5ut*»tiag»B»z  »»«a 

■•■IIU I—  Itfiif  ■■»■«■•— ■■■••— i<i«»l«iflw»»»n 

MinilmiHtf  aafni— aiiiimiMwttiftii 


, - - - - ^a>liint»ii 

■  MHtHHIIim»MIIIIHHIIwmMf*W^HH»itMmil»»BBBMM 

_ L^B»»«miiHHHHIMiltltmnil  — MUM— — aHHIHW— 

*•■■»■•»■  ■••■(■•  •(••t  tin  >  m«iiimii  huim  ■■  ■■»■——■  ■•aaaan— hhmimH  il 
■  iniiBBBiaaii  ••■■■■iiu  MiuiMHiBiiiuiMiuiiMata*aMBaBBaaaaaiiiiiiiHiiaaam| 

liiiiiaaaaiaiiBBBBflaiiainiiiiiHiBaniHaiiiHiiaaMaaiaBBaBBiaHiaiiiiiiMiaaaaailllllllinMMMHimHaama 
|MiHBaaaaaaifliaBaaiaaaaMiiiiiiiiiiiiiiiiaimiiaaaaMiiaBBBBaaaMiHiiiiiiiaaanim<miiBaaaiaaiaBaaaaa«aiifiMum| 

|nniBBaaniiawaaaaa«niiminiaaaaniMiuiMaBaaaniaa»«Baami»atamna  aaiiiMrtniHB«a»aaw«aiManniimiiil 


Frequency  -  Hz 


440-8  A 


W*; 


Williams  Research  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TR  / 
r  reuse  /Y 


VIBRATION  LEVELS 


Tsst  Item: 
Tost  Data: 


(yuW<-  tfXX/Vc 


/W?.  K/rf.  r'Vr  Serial  Number:  fzS 

Input  Axis:  C 

Response  Axis:  A  X 


■  »  SlSIimMlIIISStttltMItllllMBSBSSUB 

■  sassiiitiiiiMtSMiiHintiiMaBBSSiMa 
BsasiiHNiuMiuiMiMiiitinaasi  mho 

■■■MBMailUUI  ■■•■■•■Hi  MIHM  ■■■•••■ 


■•••»**ti*Mn»nsa»sii»M*nM>aaa*ss«i  iasssssssi 
BSSI»SnSHnilHtStlslMMIItllMSasSSIMMBa»a.SMI«ltll 
■■■MtiHiiMMiMMiuiNiMiiaaBaaiM  ■■Muimniini 

■■■••••••••iiitMMass satn mii> as  MW»aa«*sas«fatiifMi  | 

tIMI 


MMIMlIlHIIIUliaiMiHHIlHiaBBMUtBMBMiiltllllllllli] 


oassslMHiiiiHsaaitlMitHMiBaoaaas^a 
■  aasaaiiHiiiiiiaaaianiiiHiiiaaaaaaaai 

- - - -  aaBaiaiii 


assasaiimMiu  aasstai 


•  S:s1ll  ■■aaa*sss!t!'in! 


I:'''""”"””"""  “  —  —  —  •••'““"•••••••mm!  ■  ■  a  •M<uslaeass>iii!!!!i,|!!  ■■•■■■MMuiilaBssaau 

il'l.iZJ1!!!!?"*"""***1  m  i  ••  mm*  ■  m  mu  i  m  ■  ■  ■■  •  •  it  •■isaaaaastssiiitiiH  ■■SBsiiaHtiiiiaaaa  as  . . 

•**<•••  asi!!Sa«ea  *****!*■*  ’I!!"?”*  iMHiini'aa  ■■••N  MaasaaaiMiiaiinnaatsiMMliil Haas . ■■■■esssMiMni'ir 

if?'*?  _  "  *_  •  •••••••»  ••••a  aiaatism  ■■■■••ii  arasaMaaatiiniiHMi  ■■aasssiM  imii  aasaam  ■■paaMassiiiiiiiiii 


iiBiaiiiMaoaasstntiiinaaaaaaHi 

- tasiiiiwiiaassiiitaimn  ■■ssain 

-"*****•“«■  ■•••■••••••aiiaan  •••aaaastiitiii  mmmmmttt 

I,.  ---■•■•  ••■■•••■WHI,,,||»M|m,,H»»*lllll  ■■■■■»•• 

I  Uni  II  ■■■■•■■■•itiliMiMtBaaaatlll|||M[aBSBSai| 

IjiiiiMBBBBiiMaaBaiMaiiiitHiHiMiiiiiMiiiHMBMili 

- - - ■■■>»imi»iiiuhvbiiiiiiiiiiihnimiii 


IlllllBVBBIflliaiB 


. . 

BoaaatMMiiiiMiaatsaMaiuiiMaaoBstii  ■■■■■•••■•■nnil 
naaMiiiinHiiiasttMHtimiiaasasssr  apavaasasstMiti  11H 

■■■■■■BiBMmmiMCRtMMtiiiMHaaaaan  ■*«•■■■■*■  tiainiMi  I 

■■•■■BBIMIIIIItliBBMaiUHHIliMBBMIlnaiaBBaMBMIlinilll 

■  ■■■■MkllllHtHIIBIIIIIIlMlIMBBBBiaia  ■■■■■IMBHMIlllllll 
MraBIMIBtllt  Mill  muiHI)  lllll  ■■  Bill  II  •■■■■HBBMIlllliml 


■■Ml 


•  •••••him  aesssi 


laaaasMBMi 

laaiioiiai 
iMiiiaaaaaiaiHi 


•  esaisiiiiiiinuaasssiaiitiHM  as  sits  a 

-  »"oaossissni»m##aas«s*.Mim««ooaaiia 
•■aaritif  iHNi  MiaMH  Miimiio*  mm  w  a*  ■ 
. . . . . )HIM|  Mil  ■■■■•■«■■ 


•  ••••■■mhmiiih* 

‘•■••»*a«**MM«ii»Moai 

*  •■■■■oaaMSiMHiMtaaMiM 
aaaaaaasMtiiimaii  aaaaan 


zzzi'.r.v.zzz 


■  •ntHHiiiiiMSSSMmiHMraessMMisa 
■aaaai  ■••••iiiiibb«m  siimkim  aoaassM  m 
aaaaMsaisi  him  aaan  naaimnaa  aa  as  ■•  «a 
MaMMUl  iniiii  *a«H  HIM  utiia* 

■  ■■•tHiHiiininuaiHiiiiiiiaBnunM 

a  hbri  anil  umaMiR  mil  mmim  ■■■*•>■■ 

?-?*****jj*”|“  J"**;*;**;  j?**'  tTT  "***” 

••••••HHIlIHlSnainiH^MlIBanitM  ■■ 

•  >sMituHUwaass(MNiMtiiaaasst»  «■ 

■  •■••MMHmHaaetisiiiiiiiiim>aaas«M 
asaniMiiiHiNaauaiiiiiiiiiiaaaaasMM 

—  ————— - - - -  - - - _  _ - -  _ 


••••ssastMtiii 
MaasastMiMiitnl 
MaasaMiiiHiHiil 

. . . 

■■■MMIIIIIHIIIll 


X  •  unwu  aaaai  soatMim  ■ 


IJV"— 


- Mia. 

■  »l  iiiBassn  ait 
IlilllBBaiSIIIIBl 
lllinBBBsaBBBIBl 

■  iiliiMa 

■  iiiiiaaaaaiaiMt 

lilfiiaaaaiiMM 

■him  ■■■■1111111 


■  ••■••■■■■■■aim 
luliiaassiiala 

■  iMi|«a«aooaam 

■  iiMiaaBMiitaa 


. . . 

. . 

. . . 

■BBaBMMinimHasMiBNMinii  ao  aan  ii  ■ 
iaaoo«taitniiHH>MsatsiNiiiMiMo«aaHB 
•gjUfgjlHHHMW— IIIWUMII— ■■MM 

MaaaniiNNiNniMMiNNMMiMnuiM 

■•■■laianuuuiiMBiiimiuiuiBaBBiaav 
■■■■■iiiiiittmwBBMlwnmiiiw - 

■■■■•■•••imiihh  asatitHij  •«•  ■  t  aaaa  wmmmm 
* -  -  Btiatni 


1  !■■»<  ■■•••■••MMMIMM  va  3S  CZ  Ml 

■■■*b  BaaaasatnSSSoIooBBs  sssmSSSS  aaM*' 

aMsiaiinmnaaiiMssMrMiriaaoBWMi 


BBBssBiMItmiiaaaiiMMlrHrrisaaassfB 
Baaiiaii«MimiooaMM«iiiHiiBaaaii{i| 
■amiMMiwuwawamiumi— tiiwl 

■•iiMiitHiminiiiiiiuinNMHiiii 

Mill  ■■■■•■■■ 

hmiimij— will 

■MMMBIIIHH 

hzzzzztrA 


ii . . 

laSsMiHuSSSSSS 


..  .  ••••fMIMfl 

MHMIllllll 

-iihmihihI 

IMHIHInl 


Sttiiro) 


»■••••••■  iHMiMiiaatstaiMiMihiaaiaaiiti 

nwiinibbm 

MMlUHlUlltm  INN  INN  Mil  fOMflma 


»■■■»*  SS5S55B»S2IZooaBaMiS5{ 

BOMoSiSwiwKiMS 


;:^aSUSiiiiiK;ai:a::;iiiiis::5uKsati;nu5i!l 

MlliT-r . . iTr  iiMi 


■  ••Mi  aeasaii' 

■  ■•M|aoaasaa| 


•••m«  ImiibObi  ••••  msa 

isaiBMtlMMMMaast  m« 
taaawmmBi  ■>»«»»■— 
MnmiiiiiMMMiiMa 


■aaaaitMNiS  _ 

•  •••••MBIHtlll  I 

•NMIBMIIMmI 


■  •aa 


l'«i< 


sr/IH&siHEstsia 

Duaiimw— imti 

jMMAMMpaiBMio 


ran  lima 


pt  •■■Hill  I  iHfUMB  m—wiimm 

BMUMiMMaiflMMIMB 


I  !!" '•■■■••■•mi inti niHBBMB irm nun «■■■■■  it SaBSaaS«3Ptt!SimSSraaBaamif^l 


nil 


Frequency  -  Hz 


440-0  A 


Ill  William*  Rasaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


SECTION  IV 


A  chronicle  of  events  and  the  test  curves  obtained  during  the 
conduction  of  F107-WR-400  specified  environmental  vibration  tests 
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APPENDIX  E 

PRE  AND  POST-TEST  CALIBRATION  DATA  FOR  THE  FUEL  CONTROL 
UNIT  AND  FUEL  SHUTOFF  VALVE 


This  appendix  contains  pre-  and  post-test  calibration  data  for  the 
fuel  control  unit  and  fuel  shutoff  valve  used  on  Engine  828/  build 
6  during  the  hot  and  cold  day  mission  simulation  tests.  The  fuel 
control  unit  represented  here  (S/N  1443454)  is  the  unit  installed 
on  the  engine  at  AEDC  as  a  replacement  after  the  failure  of  the 
fuel  control  unit  originally  installed  on  the  engine. 
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MOEUARO  GOVERNOR  COMPANY  TEST  SPECIFICATION  FOR  33209  -  FUEL  CONTROL 
MIL-C-7024  Typ*  II  Calibrating  Fluid 


Casa  No. 


w.c.  s/n 


W.G.  Order—  ~ 


Cuatcmar:  williams  Research 


Contract  No.: 


Woodward  P/N 


3061 -056 


williams  ?/N 


362L0 


Data  \°i  Tasted  lX.C?aL'*L. 


1.0  Tost  Conditions 


_Tast  Stand  ftd._ 
Sansor  No. _ 

for. 


1  From  5fi/frytUT\ 
Pri  £  a/ &  d  T 

CMI4RRffo*S 


4  7\. 


\o * 


1.1  The  following  conditions  shall  be  maintained  for  the  entire  test. 


1.1.1  Control  supply  fuel  pressure  (Ps)  *  20  pslg  supply. 

1.1.2  Ambient  air  tamp  •  7Q+I0#F. 

1.1.3  Ambient  pressure  •  14.7+1  psla. 

1.1.4  Pressurizing  Valve:  A  remote  pressurizing  valve  sat  to  80  ps 1 
above  Pbc  should  be  used  In  the  metered  flow  line. 

1.1.5  Back  pressure  controller.  Downstream  of  the  pressurizing  valve  use 
a  pressure  regulator  referenced  to  COP  and  downstream  of  an 
office  calibrated  to  give  144  psl  aP  at  400  pph. 

1 .2  Test  Equipment 


1.2.1  15  HP  variable  speed  stand,  13,000  rpm.  .055  speed  control. 

1.2.2  30  PPH  -  600  PPH  flowmeter  Q.55  accuracy  (2  required). 

1.2.3  0-50  PSI  aP  gauge  ♦  .25  psi  accuracy  (P7-P2). 

1.2.4  3-300  pslg  pressure  gauge  ^10  psi  accuracy  (?i). 

1.2.5  0-300  psia  pressure  gauge  .2  psi  reading  accuracy  (COP). 

1.2.6  0-300  pslg  pressure  gauge  +10  psi  accuracy  (P2). 

1.2.7  C-800  pslg  pressure  gauge  llO  psi  accuracy  (P^). 

1.2.8  0-100  pslg  pressure  gauge  +1  psi  accuracy  (Pbc). 


1.3  All  control  settings  should  be  made  while  approaching  the  set  points 
as  follows,  unless  otherwise  specified. 


i 


1.3.1  Engine  inlet  temperature  simulator  or  sensor-approach  set 
temperature  from  a  lower  temperature. 

1.3.2  Compressor  discharge  pressure-approacn  set  point  from  a  lower 
pressure.  Hysteresis  checks  should  be  approached  from  a 

big ner  pressure. 

1.3.3  Speed  setting  voltage-aporoacn  from  a  numerically  lower  value 
unless  otherwise  specified. 

1.3.4  Oo  not  overshoot  set  point.  If  set  point  Is  overshot,  reduce  or 
Increase  Input  slgnel,  depending  on  requirement  and  approach 
set  point  again. 
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1  SPEtO 

COP 

T? 

F/C 

j 

|  RPM 

PSIA 

INCHES 

VOC 

NOTES 

LIMITS 

ACTUAL  j 

2.0j  Functional 


I  2.1!  Pump  Capacity 


■ 

.620 

(60*) 

H 

Pi-120  >  P, 

(aP-10  psl) 

95  PPH  arln. 

2.2)  Ultimata 

1 

i 

11000 

>200 

150 

.620 

160*) 

3.6 

Stopcock  Flow  for 
max.  of  2  seconds 
Record  valve 
cracking  pressure 

725-775  psld 
(Pl-Ps) 

?5o 

2. si  Built  In-Taet- 


2.311 

r 

•10 

Record  SIT  Signal 
Voltage 

12.64.14.64 

IS. 67 

2.3.2 

EQ 

9.91-11.91 

Rl 

2.3LJ 

m 

3.5-5. 5 

cm 

BO 

3.5 

.36-2.36 

IU1 

j  3.01  Potter  Laver  Schadula  _  RPM 


• 

nrm 

n«i. 

Max.  ; 

3.1 

| 

a 

B 

Set  to  129  PPH 

9725 

9924 

BIEI 

3.2i 

138 

-2 

Set  to  207  PPH 

11022 

BEE39 

09 

180 

1 

Set  to  307  PPH 

11423 

RKfl 

209 

3.5 

Set  to  387  PPH 

12054 

mm 

3.51 

209 

4.012 

Set  to 

387  PPH 

12054 

*  . 

i  jji  i 

3.61 

1 

209 

Set  T.P.  3.4  Re¬ 
duce  P/L  V  to 

382  PPH 

3.1V 

3.4V 

I.YIV 

?)  »  -  To  be  within  10  rpm  or  setting  In  para  }.k. 
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11444 

11519 

11594 | 

i 

illSSd 

209  .591  (0*)  |  3.6  Sat  390  PPH 


209  ,574(-35*)  3.6  Sat  384  PPH 


1  209  .5595(-6S*)|  3.6  j  Sat  380  PPH 


111911  112811  113711 

II 


117631  118231  11883  \(~) Cf Q 


11483  11558  11633 


11233j  11323 {  114131  || 
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H 

SPEED 

RPR* 

OP 

PSIA 

INCHES 

P/L 

voc 

NOTES 

LIMITS 

ACTUAL 

5-Si 

Decal  Schtdula 

s.s|i 

.620(60*) 

•7,0 

KlfV 

145 

13T 

161 

100 

.620(60*) 

90 

96 

101 

mm 

5.4 

Startlno  Flow 

14.7 

.620(60*) 

-7.0 

68 

61 

64 

nm 

3244 

14.7 

.620(60*) 

68 

63 

67 

UH 

5.7! 

Altitude  Schedule 

Ba 

40 

.620(60*) 

3.6 

84 

88 

93 

VI 

8.01 

6.11 

62 

.620(60*) 

3.6 

97  PPM 

11964-12084  RPM 

IEESS1 

Id 

■ 

107 

.620(60*) 

3.6 

187  PPM 

11964-12084  RPM 

Ik BU 

7.1' 

i 

l 

■ 

i 

i 

Speed  below 

11000.  Raisa  to 
11964  n». 

Record  Wf 

H0& 

7.2! 

Increase  RPM  to 
12024 

Record  Wf 

7.3| 

Increase  RPM  to 
12265 

Record  Wf 

AW 

7.41 

Lower  RPM  to 

Wf  In  7.2 

12004  -  120  3ti 

RPM 

i  ion 

7.5. 

1 

7.1  nlnus  7.3 

109-164  PPH 

'\U 

•All  speed  settings  +100  RPM  except  Ut  5.6.1  +10. 
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\— 1 

SPEED 

COP 

7 2 

PA 

1 _ ! 

RPH 

PSIA 

IfICHES 

VOC 

NOTES 

LIMITS 

ACTUAL. 

8.0  Idle  Soeed  Setting 


8.1 


8.2 


8.3 


$.0 


8.1 


9.2 


10000 


9000 


72 


.620(60*) 


-7.0 


-7.0 


-7-3 


Reduce  Speed  to 
give  95  PPH  & 
Record 


Inc.  spaed  to 
give  95  PPH 


95  P?H 


8.2  less  8.1 
sax.  40  RPN 
hystiresir — 


Saeed 


Min. 


9190 


9190 


Non.  Max. 


9236 


9236 


9232 


9232 


To  ba  within 
20  RfM  of  8. 2 


RECORD 


9339 


n\z 


°\  31$ 


Unload  no 


12024 

♦200 


12024 

♦200 


240 


240 


.620(60*) 


.620(60*) 


-7.0 


9.775 


Raduce  PA. 

Voltage  below  -7.0| 
and  record  the 
voltage  that  Wf 
drops 


Raduce  PA  Voltage) 
to  -9.775  6  Record 
>2-Pbc 


-7.  65  to 
-9.675  V 


IS  PSI  max. 


-%.?k 


10.01  Leak  Checks 


10.1‘ 

12024 

♦200 

240 

.620(60*) 

3.5 

Raisa  Pi  to  Ult. 
setting  -20  PSI 

No  external 
leakage  after 

3  sin. 

0 

10.2! 

■ 

■ 

.620(80*1 

-10 

Boost  ■  50  PSIS 

seal. leakage 

None  after 

10  sin. 

■ 

■ 

Raduce  to 

5  P3I0 

Hone  after 

10  tain. 

0 

10.21 

1 

Check  Par  shaft  seal  leakage  during  cal.  for 
any  30  Bin.  of  no  real  cal  1  brad  on  running. 

BgflTflliiWi 

o 

11.0)  .  Drive  Tore ut 


Olive  torque  will  be  measured  with  a  torque 
wrench  after  the  control  has  been  run  for  a 
■Inlena  of  5  win  vitas  on  the  test  stand  and 
raaoved.  This  tast  does  not  have  to  be  run 

In  sequence  and  could  be  done  after  the 

IS  In. lb.  rnu. 

? 

rsnlndar  of  tho  test  p roc* dura  Is  eaaolatsd. 

• 
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ACCEPTANCE  TEST  AUDIT 


CASE  # 


sperttoi 


Jnspector_  JtLSLih^a. 


Data  XT)- 2.-19 


1=5 - 

Paint 

Min. 

RECORD 

REMARKS 

95  pph 

— 

_ ^ _ 

Pump  Capacity 

i!* 

11994 

12054 

WBsmm i 

1002  Spaed 

11733 

11853 

n*// 

Speed  Reset 

M _ 

11483 

11533 

-  //<t£7  . 

Speed  reset 

him 

34 

93 

0P> 

40  PSI  Accel. 

(u.s 

427 

458 

200  PSI  Accel.  . 

icn 

257 

275 

265- 

120  PSI  Accel. 

5.2.1 

443 

453 

¥¥9 

Max.  Flow 

IIZQH 

144 

161 

/5V 

Oeetl 

js*6.1 

58 

64 

..  Sf>.* 

Start  Flow 

urai 

12004 

12034 

vio/tr 

Hysteresis  Check 

;«at 

9190 

9282 

<?2i4 

Idle  Speed 

■ 

IB 

Ian* 

External  leakage 
after  CIT  Sensor 
Assembly 

i  10.2 

None 

_ £ _ 

Static  Leakage 

0*ud1n:Jb 
J75/5/1S  CN  TAPE 


I 
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i-WS. 


X83209-Q25 


c 


'VC.c 


WOODWARD  GOVERNOR  COMPANY  TEST  SPECIFICATION  FOR  83209-CIT  SENSOR  (ATP)  VALVE 
MIl-C  7024A  TYPE  II  CALIBRATING  FLUID  ’ 


SERVICE  LIMITS 

IDENTIFICATION  NO. _ _ _ 

Tfrsto—r  W1T1  laws  Research  Core. 


6  Cl 


Woodward  P/N 

Chk 

Chk 

X 83209-01 S5 

8901-140 

X33209-0201 . 

floi-jyf 

X83209-031 

CT  o|  -  tso 

"7 

8901-126 

Data  7  f- '  a.  3.  <3 


.Tested  By  /.>  / 


.Test  Stand  No.  *7/ 


*  Calibration  to  ba  recorded  using  fixture  WT656E0 


kS. 


Desired 

♦ 

±J/2° 

Min. 

Max. 

Actual 

-65 

.557 

.562 

.ssi 

-.0 

.5885 

.5935 

,s'ro 

75 

.6235 

.6325 

,b3L7 

T70 

.6745 

,6835 

,  4  7f 

75 

.  6Z35 

.6325 

<£2l 

-65 

.557 

.562  _ 

.cf«5  7 

- --■  ,  7  cs  . 

•Correction:  ‘  V 

If  temperature  pots  are  not  within  *  1/2°F: 

Add  .0005*  for  each  1°F  error  below  desired  temperature. 
Subtract  -COOS'  for  each  1°F  error  above  desired  temperature. 


Dated  7f^O--3-<3. 
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t 


1. 


2. 


Rev.'NEW" 

78-2-9 

D.L. Jacobson 
Sheet  3 


DATA  SHEET 

PRESET  TEST  SPECIFICATION 
FOR  3901-130  SHUTOFF  VALVE 


H.als/N  £j= 


CASE  NO. 


OATkj _ IS 


i 


u. 


Uia 


TESTED  BY 


/■O  9 


Increase  supply  pressure  (P2)s.1owly  until  valve  creeks  open, 
noting  the  pressure  at  which  It  cracks,,  __ 

Record  P.  which  cracks  valve.  PSIS 

- ^ -  «« 


P*  “Fbc 


?\  -#Jc-*traTRTTRi77 


Decrease  supply  pressure(P2)unt11  discharge  flow  (Wf) 
IS  60  PPH . 


S± 


Record  Pj  here  as  P2l  _____ 

f 

increase  supply  pressure  {?,)  until 
discharge  flow  (Wa)  Is  60  PPH. 

Record  Pz  here  as  ?ir  /  O  8 


PSIG 


PSIG 


/  c  s 


Pzz-Pzi  - 


_PSIG  Hyst. 


3. 


Piz-Pij,  ■  35  PSIG  max.  allowable  hysteresis 

Increase  supply  pressure  (P-)  until 
discharge  flaw  (Wf)  Is  500  PPH. 

I  Record  supply  pressure  (?.)  /  S S' 

Record  discharge  oressureIPn)  SR 


PSIG 

PSIG 


4,. 


P2-Pn 

Pz-Pn 


/  3  r 

150  pslg  max,  " 


PSIG 


'Check  discharge  leakage  for  three  C3]  minutes, 
|  Record  A1  dAf 

Max, Allowed _ 0  v  • 


/vf  or>\  £aJ  £'/*'£ 

TZ8,  //?£  (***'£ 
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SERVICE  LIMITS  .-7  /- 

W0C0KAR0  GOVERNOR  COMPANY  TEST  SPECIFICATION  FOR  83209  -  FUEL  CONTROL 
„  i  7  MIL-C-7024A  Type  II  Calibrating  Fluid 

C*a* 

VI. 8.  S/M  '  -■  .  V<  <  M .  W.G.  Ordar  . . 


Customar:  Williams  Resaarcir 


Contract  No.: 


0a  Tat  t»d 


Woodward  P/N 

Williams  P/M 

8061-003 

29971 

8061-009 

23S60 

8061-056 

36240 

v;r/  Ta«t  Stand  Mo. 
Sensor  Ko. _ _ 


1.0  Test  Condition! 

1.1  Tha  following  conditions  shall  bo  oalntalnod  for  th«  anti ra  tost. 


1.3.1  Control  supply  fual  pressure  CP s I  "  20  pslg  supply. 

1.1.2  Ambient  air  reap  “  70±10*F. 

1.1.3  Aablant  pressure  "  14.7*1  psla.  9 

1.1.4  Pressurixlng  Valve:  A  reaote  pressurizing  valve  set  to  80  psl 
above  Pbc  should  be  used  In  the  aetersd  flow  line. 

l.T.S  Back  pressure  controller.  Down strew:  of  the  pressurizing 

valve  use  a  pressure  regulator  referenced  to  COP  and  downstreae 
of  an  orifice  calibrator  to  give  vj,  pal  aP  at  400  pph. 

1.X.6  Rotation  of  Drive  Shaft  -  CW  ( Looking  at  and  of  Drive  Shaft). 


1.2  Test  Eouloeent 

1.2.1  15  HR  variable  speed  stand*  13.000  rpm*  .055  speed  control. 

1.2.2  30  PPH  -  600  PPH  flowmeter  0.5!  accuracy  (2  required). 

1.2.3  ‘0-50  PSC  iP  gauge  ft  .25  psl  accuracy  (Pi-Pg)* 

1.2.4  0-800  pslg  pressure  gtuge  $10  psl  accuracy  C P -j ) . 

1.2.5  0-300  psla  pressure  gauge  .2  psl  reading  accuracy  (COP). 

1.2.6  0-800  pslg  pressure  gauge  *10  psl  accuracy  ( P 2 ) . 

1.2.7  0-800  pslg  pressure  gsuge  *10  psl  accuracy  (Pk). 

1.2.8  0-100  pslg  pressure  gauge  *1  psl  accurscy  (P(,c). 

1.3  All  centre!  settings  should  be  eade  while  approaching  the  set 
points  as  follows*  unless  otherwlst  specified. 


1.3.1  Engine  Inlet  tampersture  simulator  or  sensor-aoproach  set 
temperature  from  a  lower  temperature. 

'  1 .3.2  Compressor  discharge  pressure-eoproaeh  set  point  from  a 

lower  pressure.  Hysteresis  checks  should  be  approached  from 
a  higher  pressure. 

1.3.3  Speed  setting  rol tage-approeeh  from  *  numerically  Icwer 
valoe  unless  otherwise  specified. 

1.3.4  Oe  net  overshoot  sat  point.  If  set  point  is  overshot,  reduce 
or  Increase  input  signal,  depending  on  requl rerent  end 
approach  sat  point  again. 


E-ll 
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XS320?  -  c68  ?»Ss  £  R£v 


fTTHI 

CDF 

t2 

P/L 

fTT» 

PSIA 

ImCHCS 

VOC  K0TIS 

LIMITS 

ACTUAL 

'2.0  Functl  oust 


1.1  Pump  Capacity 


|| 

Sec 

.  szo 

m 

SO  t PH  aln. 

\HU 

PB 

C«0*) 

HI 

mMimm 

.2  urei— 1» 


- 

nooo 

2200 

ISO 

.no 

C«o*l 

H 

Stopcock  Flow  far 
aax.  of  2  tacoads 
Record  valve 
cracking  pressure 

600-700  paid 

t'z  -  r,) 

_ 

CSESI^HH 

■  7  55 

2.3  telle  te  Tase 


2.3- 1 

U 

-to 

_ 

SCT9HH1 

12.1U-lS.lt 

13.6* 

EKE 

1 

530 

9-61-12.U1 

i  O.ftH 

□EE 

o 

3. 0-6.0 

tfi£i 

C_ 

LSJI 

.34-2.8  6  “i 

1 -Tpg 

3.0  Rewar  Later  Schedule  RPR 

Me.  Nos.  Hex. 


'3.1  ' 

93  |  .«0(WF) 

Eli 

RISI 

LAL10BB 

EssSI 

il-2 

|t3« 

-2 

US! 

m 

Bill 

a 99Sn 

m 

| 

iso 

. 

t 

m 

11770 

mm 

3.4« 

209 

2.5 

Set  te  317  PPM  j  U93U 

12026 

lZXJJv 

!»•* 

209 

3.1 

Set  te  317  PPM  U93U 

tm 

1 

3.« 

209 

2.7T 

■ 

3.9V 

Vi\  I 

.•0 

4.0  Tsaperatere  Override  Scfcedalm 


e.T 

: 

a 

-591  (a-j 

B3 

Set  8l  PHI 

10673 

PRE 

ESS 

4.2 

■ 

41 

•  5711 
(-I5-FJ 

u 

Set  82  PPM 

11369 

11669 

USHH 

1 1 

«-X 

SO 

.5595 

(-45*) 

a 

Srt  83  PPM 

11127 

Hj| 

u 

w?><n 

h 

UJU 

2Q9 

.591  (0*) 

3.6 

Set  190  P?H 

11703 

H323 

119U3 

16.5 

E21 

KiagEHl 

ss 

Set  38U.  FPH 

HU08 

11559  21708 

1TS9T — 

1.6 

ESI 

•  55951-65*' 

ms 

Set  380  PFH 

11169 

UV3 — 

I . .  — I  I  . . .  ■'  ■  . . . . . — . .  >  I.  Ill  I  i  ..I  j.,..  ■- 

i  If  ass  apaed  setting  La  beyond  Halts,  after  completing  as  received  test, 
)  readjust  max  speed  within  Halts  and  retest  paragraphs  3,U,6&7f$ 
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SPEED 
RPH  o 


licMES 


P/L 

YOC  HOTES 


ACTUAL 


ystarstlt 


8061-056  OHLY 


cc«t.  Otetl.  Htx.  t  Stirt  Haw  Altitude 
5.1  Aectl  60*F 


S.U  noo  to  .620(60*) 


s.i.z  noa  «o 


10700  120 


115001  180 


5.1. si  11500  200 


10700)  120 


.2  Hix.  Haw 


11500  250  .620(60*) 


.3  Acctl  170*F 


5.3.1  5000  30  I  .679(170*) 


.3.2  11500  180  .679(170*) 


5.4  Acetl  -65*f 


5.4.11 6-00  40  .5595 

1  (-6S*F) 


.5595 

(-«5*n 


5.5  D«c«1  Schtdult 


5.5.1  12021*  160  .620(60*} 


100  .620(60*) 


Sttrtlno  Flo* 


5.6.1  11*55  16.71  .620(60*) 


821*1*  14.71  .620(60*) 


5.7  Alt1tv6«  Schodult 


9.7.1  11100  40  .620(60*) 


M  All  rpacd  settings  £100  P.PM  exeopt  t«*t 


1*85  500 


-1*1*8 


67  73 


1*15 1  439 


6400 

40 

10300 

220 

67 

77 

87 

1*01 

424 

1*1*7 

136 |  153 


81*  56 


53 

61 

69 

52 

63 

72 

70  88 
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4oodwani  QoTomor  Company  *63209  -  D68 

Hockf ord ,  Illinois  Pago  5  of  5  RS7  NEW 


Speed 

IrM 

CO? 

mi 

TZ  . 

Inches 

P/L 

V0C  Notes 

Limits 

ACTUAL 

.0  Puna  Unlotdine 

1.1 

ms 

240 

.120(60*) 

-7.0  induce  P/L 

Voltage  below  -7.0 
a ad  record  the 
voltage  that  Uf 
-  drops  ‘ 

-7.4  ta  -9.9V 

-■s.-sv 

.£ 

4202* 

1200 

2*0 

.620(60*) 

-TO  Indues  P/L  Voltage 
to  -10  and  record 
*r+bc 

30  PSt  eat. 

2> 

0.0  Lssk  Checks 


U«¥ 

Wl  •  * 

o.i 

12021k 

2200 

2*0 

.620(60*) 

3.5 

Kalse  ft  ta  Bit. 
sotting  -20  PSI 

lo  external 
leakage  after 

V  ria. 

0 

0.2 

0 

0 

.620  (60* 

-10 

least  *  50  PSI6 

Seal  Leakage 

Reno  after 

10  ntn. 

0.3 

Cheek  for  shaft  seal  leakage  during  cal.  for 
■ay  30  da*  of  normal  calibration  rcnnlng. 

2  CC  Max. 
after  30  min. 

1 .0  0Hv«  Torque 


Drive  torque  will  be  aeesured  with  a  torque 

20  fn.lb.mex. 

wrench  after  the  control  kas  bean  run  for  a 
■lalmuB  of  5  minutes  ee  the  test  stand  and 
removed.  This  test  does  net  have  to  ba  rue 

In  sequence  and  could  bo  done  after  the 
remainder  of  the  test  procedure  is  completed. 

2.0 

Pine!  Cheek*L1st 

Cal  del 

2.1 

Set  stops  in  electric  actsator. 

2.2 

Epoxy  actuator  stop  screws.  Dome  shspe  epoxy 

per  ass 'y  dvg. 

3*0  ground  Isolation  k  Stall  Current  Toit*.  (Pef  T5T-1665) 


* 


□ 

Condition 

0231 

kin 

4- 

l  M 

■'-OMU-STTTa 

Limit 

■la 
aTF 


Mo  tar 


Limit 


JEalaclsn 
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X83209-025 


|J*T“11"  SOY ERROR  CWPMT  TEST  SPECIFICATION  FOR  83209-CIT  SOCCR  (ATP)  VALVE 
WL-C  7024A  TYPE  Cl  CALIBRAT1R8  FUilO  ' 

SERVICE  LIMITS 

loomFicATioii  w._ _ ^-2 

WITH 


HeaRTd  P/M  ■  |Oifc| _ -  ..  JQik 

X83209-01H  8901-140 

xasas-oai  _ 

xasajmni  O  •<  -  <sa 


llLc.LT  SaJHrii 


8901-121 


_T*rtod  By 


Tost  Stand 


Calibration  to  bo  rscanlad  using  fTsturn  WT65680 


Oaalrad 

Mn. 

NU. 

Actual  * 

41/2* 

-49 

.H7 

.552 

RS9 

•0 

.5885 

.5935 

■s?0 

75 

.5235 

.6325 

.  L213T. 

170 

IS 

,  5835 

■PfS] 

75 

.5235 

.5325 

•45 

.557 

.552  _ 
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DATA  SHEET  FOR  SHUTOFF  V/iLVE 


TSP-1671 

Page  3  of  5  Rev  n 


Woodward  P/N 

I  Will  Ians  P/N 

Rev . 

8901.162 

\  "  -  34894 

8901-130 

1  29593 

* 

'A"961-l46 

I *3745  r 

23ci-i6-i 

r  ■  • j«avs 

* 

•See  sales  order  for  correct  revision  letter. 
Wl6.S7N.{V^1<m7  P/N  CASE  no:  '0  4 


DATE 


TESTED  BY 


;r- 

•,  CV 


1.  Incrane  supply  pressure  (P2)slowly  until  valve  cracks  open, 
noting  the  pressure  at  which  It  cracks. 

Record  P  which  cracks  valve _ tn  _ ;__PSIG  • 

Pi  -Pbe“  _ LSI _ _  PSIG 

P2  -Phc"  65-110  PSIG “ ' ' 

Shutoff  P2-Pbc  ■  -^3  ns  PSIG  Min.) 

2.  Decrease  supply  pressure(P2 )unt1 1  discharge  flow  (Wf) 

Is  60  PPM , 

Record  P2  here  as  P21  _ 9 /R _ ‘  PSIG 


© 


Increase  supply  pressure  CP,)  until 
discharge  flow  (Hf)  Is  60  PPH. 
Recbrd  P2  here  as  P.^  -  <  * 


PSIG 


Pi-Pn-  - 


/  ~h 


/  / 


PSIG 
PSIG  Hyst. 


Pia-Pn  *  35  PSIG  tax.  allowable  hysteresis 

3.  Ir.srease  supply  pressure  (P.)  until 
discharge  flow  (Uf)  Is  500  PPH. 

Record  supply  pressure  < P. )  _ / S'  3 _ 

Record  discharge  oressure(Pn)  /  - 


PSIG 

psre 


P2-Pn 


'  -  < 


P2-P„  »  150  pslg  eax. 

Check  discharge  leakage  for  three  (3)  elnutes , 


PSIG 


Record. 
Max.  Allowed 


5.  Check  discharge  leakage  for  (3)  elnutes. 

Record  /  ■  % 

Max. allowed  0 _ 


FA  on 
$Z  IF.FosT  FajS'/a/c  ] 


6.  Check  discharge  leakage  Cor  (3)  minutes. 

Record  /.  '*  *  -f~ 

Max.al  1owe<:  _ 0  _ 


E-17/E-18  Blank 
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APPENDIX  F 

FUEL  CONTROL  UNIT  FAILURE  ANALYSIS 


This  appendix  presents  both  the  preliminary  and  the  final  reports 
from  the  Woodward  Governor  Co.  regarding  the  failure  of  fuel  con¬ 
trol  unit  S/N  1443446  during  the  hot  day  mission  simulation  testing 
of  Engine  828  at  AEDC.  Also  included  is  a  copy  of  the  report  from 
Motorola  Inc.  (semiconductor  component  vendor)  to  the  Woodward 
Governor  Co.  with  reference  to  the  failure  of  components  internal 
to  the  fuel  control  unit. 
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iViaAMCrH  COMiHAMf 
ROCKFORD,  ILUNOIS 

AIRCRAFT  DIVISION  P«t«  1  of  2 


lliniM*  Raiwdi  Corp. 


CUSTOM!*  P.OL 


WAIOl 


G  360SS 


NO. 


EM  86ES3 


124550  pat*  »■>«» 


MOOB.NA  8061- 0S4 
nmwflt  mm  »3209 

L  I 


vh  *f  2443446  ORTB OOMHOTP.  ,0*4*10 


Actuator  would  not  respond  to  laput  signal;  would  dram  3.4  tap* 
oa  bonch  tost  with  28¥  supply. 


pHtUWMR)' 
ft£f>o*r 


* 


A.  Run  "a*  received"  tost, 
g  I.  Investigate  discrepancies. 

C.  If  length?  investigation  is  required,  please  issue 
iaterlaf  report  by  80-4-10. 

0.  Repair  as  necessary. 

3.  Investigation  Results 


The  actuator  was  haad-carried  in  by  Killians  Research  Corp. 
personnel,  and  the  following  initial  portion  of  the  investigation 
was  witnessed  by  Killians  Research  Corp.  and  Government  personnel. 
"As  received"  testing  verified  the  cooplaiat  and  the  actuator  was 
removed  from  the  fuel  control.  Opening  the  actuator  revealed  a 
severely  charred  area  about  Q«  and  Q;,  two  of  the  power  transistors 
in  the  final  aotor  drive  stage.  Reaoval  of  power  to  the  final 
stage  allowed  trouble  shooting  of  Che  signal  conditioning  and  drive 
circuitry  ahead  of  the  power  stage.  This  showed  the  entire  circuitry 
with  the  exception  of  Q(  and  Qr  to  be  operating  norwally.  Sub¬ 
sequently,  Q*  and  Qy  were  renoved  and  tested  on  a  transistor  curve 
tracer.  The  2N6301  (Q7)  was  conpletely  defective,  behaving  essen¬ 
tially  as  a  short  circuit  in  the  circuit.  The  ZN6299  (Qc)retained 
some  seal -conducting  characteristics,  however,  was  severely 
deteriorated  with  respect  to  gain  and  also  has  increased  in 


THIS  REPORT  AS  COMPLETED  SHOULD  INCLUDE  AS  NECESSARY 

X  T«a  SuWu  «d/ar  linaiiMW  Raada 


APPROVAL 

JLLeeson  80-4-10 
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SFSCIAL  HANDLING  REPOIT  EN  S6SS3 

S.  Makulac 

hi*  Z 

3.  lw**tl|»tlg  jmlU  (coat.) 

resistivity.  Sisco  a  high  voltage  spike  can  causa  suck 
transistor  failuro  tha  transient  suppression  diodes  in  the 
circuit  vara  also  checked  an  tka  curve  tracer,  and  proved 
to  bo  functioning  earn  ally. 

•  4.  Conclusions 

As  tha  transient  suppression  circuitry  was  still  functional, 
we  assune  tkat  no  voltage  spikes  reached  tka  transistors  in 
axcass  of  their  specification  liait.  Therefore,  it  is  con¬ 
cluded  st  this  tine  that  the  first  transistor  to  fail  (Qy), 
failed  during  operation  for  unknown  reasons,  this  failuro 
would  then  allow,  when  Q«  was  turned  ea  normally,  direct, 
high  current  flow  fron  tka  21  volt  boss,  through  both  tran¬ 
sistors,  to  ground.  Such  current  flow  would  be  well  in 
excess  of  nernal,  and  would  cause  severe  heating  in  both 
transistors,  in  this  case  precipitating  deterioration  of  per- 
forannco  in  Q*.  Since  the  actuator  would  not  bo  responding 
to  the  input  signal,  tils  could  bo  a  long  tern  condition.  It 
should  bo  noted  that  this  sequence  of  events  is  a  hypothetical, 
but  very  probable  one.  Tha  causa  of  tha  failura  in  Qy  could  be 
due  to  a  maker  of  things ,  as  yet  undetermined.  The  subject 
transistors  have  been  sent  to  the  nanafacturer.  Motorola,  for 
failure  analysis.  Since  both  transistors  vem  subjected  to 
severe  theraal  overstress ,  this  analysis  nay  not  yield  conclu¬ 
sive  results,  since  soae  of  tha  defects  that  are  possible 
causes  any  also  bo  the  results  of  tha  thermal  overstress. 

S.  Corrective  Action 


Since  a  pat tot* of  recurring  failures  is  aot  established, and 
since  further  evidence  nay  be  forthcoming,  no  corrective  action 
is  anticipated  at  this  tine.  Also,  it  should  bo  noted  that 
these  devices  ere  slated  for  replacement  upon  approval  of  pro¬ 
posed  changes  to  conform  with  nucleeT  requirements.  The 
replacement  devices  will  be  processed  in  accordance  with  JANTX 
standards.  This  would  enhance  reliability,  since  the  JANTX 
processing  is  not  available  on  tha  present  devices.  A  supple¬ 
ment  to  this  report  will  be  issued  when  further  information 
is  available. 
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SPECIAL  HANDLING  REPORT 


\JULIVS 


EN  86853 
Supp .  X 
Pace  X  of  2 


SUBJECT: 

FROM: 

DATE: 

Abstract: 


Additional  Failure  Analysis  -  Vendor  information. 
Stove  Makulec  ~~ 

May  20,1980 


( fjhal  Repo/tr ^ 

s'  -f/tiuj/jrtA- 
[£*/£.  tz  rs  fun.  C»«r/r*L. 


The  original  Special  Handling  Report  covered  the  analysis  of  an 
X83209  Power  Lever  Actuator  rails re.  The  vendor  failure  analysis 
is  now  available,  which  points  out  Manufacturing  defects  in  the 
failed  semiconductors  which  likely  led  to  the  everstress  of  the  part. 


Inrastliatlon  Rasults/Conclosions: 

The  vendor's  analysis  of  the  foiled  parts  (attached)  substantiates 
the  condition  of  tho  parts  as  r enured  from  the  actuator  and  gives 
a  synopsis  of  furthar  findings  with  the  Motorola  product  engineer 
clarified  the  reported  phenomena.  The  premise  that  the  2N6301  type 
traaaistor  failed  first  and  thus  caused  tha  failure  of  the  2N6299 
type  transistor  still  appears  to  bo  valid,  although  it  can't  bo 
proven  conclusively.  Various  voids  were  found  in  the  construction 
of  both  transistors.  These  devices  are  built  in  a  stacked  up  fashion, 
with  tho  silicon  chip  (dio  or  dico)  soft  soldered  to  a  copper  heat 
spreader  button,  which  is  than  soft  soldered  to  the  actual  transistor 
case  (header) .  The  soldered  areea  are  accomplished  with  a  solder 
preform,  and  subsequent  heating  to  nelt  the  preform  and  establish  a 
bond.  As  such.  Motorola  indicates  that  it  is  difficult  to  achieve  a 
coapletely  void  free  construction.  Because  of  that,  they  perform  e 
Safe  Operating  Area  (SQA)  test  om  the  completed  parts;  which  puts 
adequate  stress  on  the  perts  to  call  out  ports  with  excessive  voiding, 
and  hence  inadequate  thermal  conductivity.  This  testing  is  done  in 
a  Banner  sinilar  to  testing  in  accordance  with  MIL-S- 19500.  As  they 
perform  this  random  sampling  procedure . the  resultant  typical  Acceptance 
Quality  Level  (AQL)  is  0.281,  i.e. ,  statistically  no  core  than  0.288 
of  the  devices  shipped  would  he  defective  with  respect  to  the  tested 
parameter.  This  SOA  test  is  performed  at  fall  power  capability  for 
0.S  seconds,  which  is  a  much  higher  stress  level  than  the  application. 


Materials  analysis  showed  the  2N6301  type  (VGC  P/N  1616-682)  had 
approxinately  108  voids  under  the  silicon  die,  and  308  voids  undar 
the  copper  button.  This  presumably  was  the  transistor  that  failed 
first  and  was  verified  to  be  shorted.  Also,  evidence  of  belting 
on  the  die  surface  indicates  severe  overheating.  Motorola's  sssess- 
aent  of  this  dovlce  and  the  existing  voiding  is  that  passing  the  SOA 
test  would  have  been  unlikely.  It  therefore  represents  a  random 
escape  through  Quality  Assurance  testing.  No  testing  is  done  et 
Woodward  Governor  Company  that  would  have  caught  this,  and  the  addi¬ 
tional  processing  imposed  by  the  drawing  (High  Temperature  Reverse 
Bias-HTRl  Bun- in)  does  not  stress  the  part  in  a  manner  that  would 
call  out  such  n  problem. 
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""  Investigation  Results/Coaclusioas  -coat. 

The  2N6299  WGC  P/N  1616-690)  was  foul  to  have  approximately  50% 
voiding  under  the  silicon  die.  generally  in  the  center  of  the  die. 
Although  thin  in  net  desirable,  the  Motorola  people  believe  the 
device  would  have  passed  the  SOA  test.  The  device  as  returned  to 
Motorola  was  verified  to  bo  severely  degraded  ia  performance. 

Given  the  above  infornation,  the  2N6301  type  traasistor  appears  to 
have  been  the  weak  part  ia  the  system.  Since  it  is  failed  shorted, 
the  premise  that  it  failed  first,  causing  subsequent  overstress  and 
degradation  of  the  ZN6299  type  transistor,  seems  to  be  upheld.  The 
expected  sequence  of  events,  then,  ia  as  follows:  The  2N6301  fails 
first,  presumably  while  actuated  and  driving  the  motor.  When  the 
position  is  as  necessary  the  drive  to  the  motor  ih  cut  off  and  at 
sane  point  in  time  re- energized  te  drive  the  motor  in  the  opposite 
direction.  That  turns  the  2N6291  on  sad  current  is  drawn  through  it 
and  the  shorted  2N6301.  Since  this  current  is  shunted  directly  from 
supply  to  ground  the  motor  dees  not  neve,  and  the  control  circuit 
is  not  satisfied.  This  provides  for  a  long  term  high  current  flow 
through  the  transistors,  camsing  the  thermal  overstress  noted. 

The  major  fault  in  the  above  train  of  events  is  that  at  the  applied 
stress  levels,  which  are  well  below  that  of  the  SOA  test,  it  is  very 
difficult  to  assess  whether  or  not  the  2N6301  would  have  failed. 
However,  since  all  other  parts  of  the  circuit  including  transient 
protection,  were  functional,  it  is  a  probable  sequence  of  events. 

Recomncndat i ons : 

The  stated  AQL  of  0.28%  for  the  SOA^ testing  indicates  the  risk  of  as 
individual  part  getting  through  this  system  while  defective.  As 
there  are  five  of  these  devices  per  actuator  the  probability  of  a 
defective  part  in  a  unit  is  1.4%.  However,  note  that  an  AQL  level 
is  an  indication  the  maximum  numb  ex  of  defectives,  and  that  in  the 
application  the  stress  is  much  lower  than  the  SOA  test  (less  than  7% 
versus  100%  stress).  Thus,  a  mere  reasonable  and  yet  still  conser¬ 
vative  estimate  of  the  probability  of  a  deficiency  existing  that  would 
result  ia  a  overstress  condition  is  less  than  1%  for  the  actuator. 
Since  a  determination  of  the  actual  condition  of  the  transistors  can't 
be  made  ia  the  field  it  is  racovmendad  that  the  customer  use  the  above 
figure  as  a  guideline  to  compare  to  his  acceptable  risk  on  a  given 
unit.  If  the  risk  is  deemed  unacceptable,  the  alternative  is  return 
and  disasscably  to  a  point  where  the  transistors  condition  can  be 
^assessed  and  replaced  if  necessary. 


Attachments: 

(To  original 
only) 

SEM/rg 
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"N#  pow  OtrlliftM  la  t*a  alwlaa  TO-M  cats  war*  spalled  as  driven  In  a  fool 
control  pevtr  lever  actuator  circuit  la  tha  Cruise  Rlssile.  Tin  fallurt  occurrtd 
during  official  t  as  tint  uador  adlltaey  surveillance.  Sufcitoaoat  fallur*  analysis 
of  the  circuit  shouad  no  attodatad  ceeoaaoat  fatlurao.  The  devices  waro  protactad 
alto  1X611  46  wait  sonar  tuprassara  and  oparotad  la  a*  anal  re— at  01.1.  protactad 
to  XjOOO  NZ.  Tin  tram  Is  tors  war*  roc*!  wad  lien  road 

IQTOTmTlQWr 

'  Pironetrfc  roes  in-wants  witM  a  corn*  tracer  tariffed  the  stertad  conditio*  in  rhe 
06*1  ««d  degrodad  gain  In  tha  2HZ99.  Microscopic  eMotnatton  u*  the  dl*  surfaces 
rawaalod  awldanca  of  saver*  owevhMtiag.  rasa  Ulna  1*  a  partial  nclting  at  the 
■rltter  contact  areas  (arrou,  fhoto  1).  Fertht#  investigation  revealed  large  voids 
beneath  tha  dice  of  both  parts  (Photo  2).  Void*  war*  also  found  ttntsth  the  copper 
beat  spreader  buttons. 


CUBE 

*oar  thavoal  coaductlvi  ty  batmen  tin  dice  aad  headers  has  allowed  the  tenperature  of 
tke  dice  to  rise  until  destructive  salting  occurred  in  tha  nltter  contact  regions. 

oswniic  script: 

Voiding  beneath  the  die  bonds  and  copper  batten  bonds  are  detected  by  an  S3A  test. 

At  the  ttae  of  •amiftclure,  this  protect  ms  ssptI*  tested  to  a  3CT,  ?.M,  0.5  second 
specification.  Hint  parts  represent  rands?  escapes  that  passed  customer  testing.  A 
new  steel  package  has  be»n  applied  to  this  product  line,  and  its  hich-terpereture  *raxe 
Is  consistently  void-free.  It  Is  suggested  that  these  no  style  parts  be  eresloyed 
•dower  possible.  One  hundred  percent  SO*  feat  ray  he  m/irante+1  with  an  SJ  specification, 
aad  a  JA*  **r»1oa  of  this  part  would  guarantee  exceptional  duality. 
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Rant.  Optical  nlcrofraph  of  arittar  * 
region  of  2MX1  drrlca.  Partial  oattlng 
has  occarrad.  (4SX) 
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2.  I- ray  thsdeagrophs  of  2NS301  (loft) 
and  2NS299  (right)  die  bonds  (square  regions). 
Voids  beneath  dice  are  sensually  large. 

2HS301  also  has  large  raid  beneath  copper 
bvttaa  (arro»).  (SI) 
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APPENDIX  G 

OIL  SAMPLE  ANALYSIS  DATA 


This  appendix  contains  oil  sample  analysis  laboratory  reports 
provided  to  WRC  by  AEDC.  This  information  was  used  in  compiling 
Table  3-V  of  this  report. 
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TECHNICAL  SUPPORT  DEPARTMENT 
CHEMICAL  A  METALLURGICAL  BRANCH 
LABORATORY  SECTION  REPORT 


K.  W.  C.  Cobb* 11  ETF/TT 


■— Mnf  |*go ■  *» 


Reftort  No.  004  1-8 


Material  iuhmitted  T-5,  23699B  Oil,  Pre  Hl«»lon  Calibration  Oats  completed  4-2-60  P.S.B. 

828-166  ,  Tlaa  -  2200  ~  time*  -  Engine 

Collected  4-1-80  ,  Total  Run  Tlae  -  ~~~ _  *»•»  Auih  E41I-18C 


Date  in  4-2-60 


Work  Auth. . 
Date  Out. 


-5-7-80- 


B.  Ivy,  Jr.  and  P.  S.  Byron 


‘  IncirucUana: 

Detarmlna  Waat  Metal*  by  Atonic  Abaorptlon  and  Emission  Spec.;  also. 
Specific  Gravity  at  75°?. 


A1  - 

N.D. 

T1 

“  N.D 

Te  - 

N.D. 

Cu 

-  N.D. 

SI  - 

N.D. 

Mg 

-  N.D 

Cr  - 

N.D. 

Sn 

-  N.D. 

Ni  - 

0.2 

Pb 

~  0.3 

Ag  - 

N.D. 

Specific  gravity  ?75°F.  -  0.969. 


Ott.  ©2-8 -C  on  4-l-SO 

CotxOOJItjA  -PI2.G  WOT-DNS  VAVVktOvl...CAUftCMIOrt  Tio  ts. . 
E.r*6tet«..  VAorT  TtCtG  Ova  'iAuPi.E  I  H«- ,  8  «,,J- 


-  Not  Detected. 

-  Result*  expressed  in  ppn. 

-  Results  phoned  in  4-2-80 


Rseiaika;  N.D. 

A.  A. 

A.  A. 

Emission  Spec,  results  attached. 


-Time  14  30  Itf.s .  To-__£.q bbcJLL 
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TICHMICAL  SUPPORT  DEPARTMENT  Srcrdn-p|**0  •« 

CHEMICAL  A  METALLURGICAL  BRANCH  !»•— 

SEM  ENERCY  DISPERSIVE  X-RAY  AMD  SPECTROGRAPHIC  ANALYSIS  REPORT 
I 

Soaple  No.  .00*1-6 _ Dote  In _ *-2-80 _ 

Plate  No. _ 23160  _  Dtte  Oul  _ 5—7—80 _ 

Submitted  By  W.  C.  Gobbell _ £117 TT _  Work  Authorisation  E41I-18C _ _ _ _ 

!  j  SUM  '  [X]  SITCTIMICM.tl'II 

Sontplo  Description  23699  Oil  T-5  ~  Pre-Mission  Calibration  (Engine) 

Method  of  Analysis  with  a  Statement  of  Accuracy: 

Quantitative _  Semi-Quamitattve  +10-302 _  Qualitative  _ 
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TECHNICAL  SUPPORT  DEPARTMENT 
CHEMICAL  1  METALLURGICAL  BRANCH 
LABORATORY  SECTION  REPORT 


W.  C.  Gobbell  ETT/TT 


Malarial  T-S.  23699B  Oil.  Poit,  Hot  Day. .Mission 
■RJkmm  ttm  82B-113  ,  Tim#  -  2230  ,  Place  -  Engine 
Collected  4-12-80  ,  Total  Rub  Time  -  ? _ 


4-14-80 _ 

H.  Ivy.  Jr.  end  P.  S.  Byroa 


Report  No.  0043-109 

4 

Date  Completed  4-14-80 
Work  AuUt.  E41I-18C 
Date  ran  3-8-80 _ 


4/28  P.S.B. 


MstiucUoes: 


Determine  Uaat  Metals  by  Atomic  Absorption  end  Emission  Spec. ;  also. 
Specific  Gravity  at  75°T. 


Resells: 

C 


ai 

- 

0.7 

Ti 

-  N.D, 

Pe 

- 

1.6 

Cu 

-  0.1 

Si 

- 

H.D. 

»« 

-  N.D. 

Cr 

- 

0.2 

Sn 

-  N.D, 

Ni 

- 

N.D. 

Pb 

-  N.D. 

*« 

- 

N.D. 

Specific  gravity  9  75°P  ■  0.969. 

D.«-  'OBtAtuto  thoia.  S> 7_S-  C  or*  4— t"2-So 

ITTUV.  VAcft  -  OaW  iAtV^OK.  1\  y^VH  W<3T  TiWe, 


R.D.  -  Not  Detected. 

A.A.  -  Results  expressed  in  ppm. 

A. A.  -  Results  phoned  in  4-14-80  Time  1435  hrs.  To  Mitchell. 


Emission  Spec,  results  attached. 


G-4 


William*  Rasaarch  Corporation 


CMEP  95-4120 
Report  No.  79-106-39 


TECHNICAL  SUPPORT  DEPARTMENT 
CHEMICAL  4  METALLURGICAL  BRANCH 


SEM  ENERGY  DISPERSIVE  X-RAY  AND 


SPECTROGRAPHIC  ANALYSIS  REPORT 


S vordrvp  |*«Q 


Siapit  No.  _ 

_ __  Date  In 

4-14-80 _ 

Platt  no. _ 

Ml  AS 

Date  Out 

jbfbsa _ 

SubnlUtd  Rv 

u  r  RnkH«11  FTF/TT 

Work  Authorization  _ 

E41I-18C _ 

smwaiim  B/  . 

□  SEM 

{X]  SPLCTIIOCItAPII 

Sample  Description  _ _ _ _ _ _ _ 

Method  of  Analysis  with  a  Statement  of  Accuracy: 

Quantitative  _ _  Semi-Quantitative _ —  10~30X _  Qualitative 


I  —  Mtcrocrams/£ram  5  —  ZAP  -  SEM  Analysis 

t  —  Percrniatte  6  -  ML  -  SEM  Analysts 

1  -  ND  -  Not  Detected 

t  -  LCD  -  Lower  Limll.nl  nntertihitllv _ _ _  _ 


D.  W.  Balter 
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I  S.  TECHNICAL  SUPPORT  DEPARTMENT 

<< 

,  LABORATORY  SECTION  REPORT 


Knamliil  h.»  ■ 

baii-rial  Ku  ha.  Ill.il 


V.  C.  Gobball,  ET7/TT 

2 36^7 *7  Cold  Day  Mission 

T-S  .  ■*tax=&  Oi  1 .  Post  Run  t 


Engine  S/N  S28-119,  Time  -  0030  .  Place  Engine 

Collected.  -  A/iyRO  ,  Total  Run  Tima  -  - 


Report  No.  °0*  3-1*7 _ 

DatP  Cumplrird  4/16/80  4/28  PSB 


tV.  irA  Au lb. 


E41I-18C 


bale  la  4/16/80 


Dalr  Out 


5/5/80 


a,  Herman  Ivy.  Jr.  6  P.  S.  Bvroa 


BialraHiiaia: 

!  Determine  Wear  Metals  by  Atomic  Absorption. 

Total  acid  nuaber,  ag  KOH  per  gran  sample. 


A1  - 

N.D. 

Ti  -  N.n 

Fe  - 

0.4 

Cu  -  0.1 

Si  - 

N.D. 

Mg  -  N.D. 

Cr  - 

0.1 

Sn  -  N.D. 

Ni  - 

H.V. 

Pb  -  N.D, 

Ag  - 

0.04 

Specific  gravity  @  75°F  -  0.971 


Results  expressed  in  ppm. 


Phoned  in  4/16/80  Time  1055  hrs.  To  Mitchell 


X. 
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lTCCMNicAL  support  department 
CHEMICAL  A  METALLURGICAL  BRANCH 

$EM  ENERGY  DISPERSIVE  X-RAY  AND  SPECTROGRAPHIC  ANALYSIS  REPORT 

©  00*3-147  4/16/80 

i  Sample  NO.  - 33-^5 -  °“e  In - 575TOT - 

'  Plat*  No.  - - - — -  Date  Out - - — 

Submitted  By  W.  C.  Cob  boll.  PTF/TT _  Work  Authorization _ E41I-18C 


B»»rdrvpjA*0_^ 


Q  SEN  .  [*Q  SPECTHOCHAPH 

Sampi*  Description  23699B  (7808C)  oil  T5  -  Cold  Day  Mission  -  Container  0828-119 
Method  of  Analysis  with  s  Statement  of  Accuracy: 

Quantitative _ _  Semi-Quantitative  —  10~30^ _  Qualitative  _ 


I  —  Mlcrocrams/Grnm  S  — 

3  —  Perccnta*e  •  S  — 

J  -  NO  -  Not  Detected 
i  -  LLD  -  Lower  Limit  of  Dctcctiblllty 


S  -  ZAP  -  SEM  Analysis 
E  —  ML  —  SEM  Analysis 


D.  H.  Balter 
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TECHNICAL  SUPPORT  DEPARTMENT 


LABORATORY  SECTION  REPORT 

W.  C.  Gobbell,  ETF/TT 


0043-156 


€ 

M.  Vi.  WDK1I,  c.ir/ll  .. 

W»  _ Rrpon  no. 

„  ,  Mission 

.SiiiMiiitfH  T~5  .  gBgjrfg  Oil,  Post  Run  » Calibration.,.,  c.wnplclcd  _  4/17/80  4/2.9180 

ingine  S/N  Time  -  1900  ,  PlaceEn*in* 

lollected.  - _ 4'16/8g  Tnta1  Run-Xiae  -  tv.Kt  auis. . 


E41I-18C 


sir  In  . 


4/17/80 


Herman  Ivy,  Jr.  &  p.  s.  Bvroa 


D»tr  Oul . 


5/5/80 


iMimi-tiiNtM: 

Determine  Wear  Metals  by  Atomic  Absorption. 


••Millb. 

A1  - 

N.D. 

Tl  -N.D 

• 

Fe  - 

0.2 

Cu  -N.D 

Si  - 

N.D. 

Mg  -N.D 

Cr  - 

N.D. 

Sn  -  N.D 

Hi  - 

N.D. 

Pb  -0.1 

A*  - 

N.D. 

Specific  gravity  9  75°F  -  0.971 

Oil  Sai>aph  tawm  vtZovA  &2S-6  oh 

4-it-to  PoLLoM»i**4N_^crsT-  OoL»  T>sy  sA\^sio*a  CAl.v-«»k-tvou. 
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*  TECHNICAL  SURPOST  OERARTmENT  Swt>rdl-U(»|AJSJ~ 

CHEMICAL  A  METALLURGICAL  BRANCH 


SEM  ENERGY  DISPERSIVE  X-RAY  ANO  SPECTROGRAPHIC  ANALYSIS  REPORT 


5 apple  No. 

0043-156 

Plue  No. 

53156 

Submitted  By  _ 

W.  C.  Cobball,  ETF/TT 

Due  In  _ 

Due  Out  . 


4/17/80 

5/5/80 


Work  Authorization 


E41I-18C 


f~l  SEM  '  [*|]  Sl’KCTHfVtllAl-ll 

Sample  Description  23699  oil  TS  Post  Mission  Calibration.  Container  <7828—1 22 


Method  of  Analysis  with  a  Statement  of  Accuracy': 

Quantitative _  Semi-Quantitative  —  10~30Z _  Qualitative 
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Results  expressed  ns  ppm 
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1  —  Mlcrocrama/Gram  5  —  ZAP  -  SEM  Analysis 

2  —  Percentage  •  6  —  ML  —  SEM  Analysis 

3  -  ND  -  Not  Detected 

4  —  L^D  —  Lower  Limit  of  Dctectihiitty 


D.  W.  Baker 
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G-9/G-10  Blank 


